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_ The Elastic Lateral Stability of Trusses 
by Drs Ms Ix. Horne 


The Design of Slab Type Reinforced Concrete Stairways 
| by uN. “ Liebenberg (Associate-Member) 


en rane Multi-Storey Car Parks 
Discussion on the Paper by E. N. Underwood (Vice-President) 
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The reinforcement fabric used in the Massey-Harris 
Ferguson factory at Stretford was supplied by 
Richard Hill. Do you need reinforcements? Then call up 
the Maxweld man! He can give you all the facts 
on the type and quantity of fabric you’ll need 
plus a rough idea of the cost. And he’s backed by the 


Richard Hill Design Service 


who can then draw up more detailed plans and 
estimates. You can get him at Middlesbrough (2206), ~ 
London (Mayfair 3538), Birmingham (Mid. 5625), 
Manchester (Central 1652), Leeds (2-7540), Bristol (24977), 
Gleeson (Central 2179), Nottingham (Bulwell 27-8383), 
Bournemouth (Westbourne 63491). . 


. Belfast (29126) 


Maxweld fabric 


/ 


is manufactured by RICHARD HILL LIMITED (Established 1868) 
Newport Wire and Rolling Mills, Middlesbrough, Yorkshire. Tel : Middlesbrough 2206 
A MEMBER OF THE FIRTH CLEVELAND GROUP ARC) 
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STRUCTURAL STEELWORK 


by WARDS 


for the roof of the new Library of Sheffield University 


Architects : 

Gollins, Melvin Ward & Partners, 
15, Manchester 5Sq., 

London, W.1 


Contractors : 
W. J. Simms Son & Cooke Ltd., 
Nottingham 


THOS. W. WARD LTD | ALBION WORKS - SHEFFIELD 


Phone: 26311(22lines) Grams: ‘‘Forward, Sheffield’’ 


LONDON OFFICE: BRETTENHAM HOUSE, LANCASTER PLACE, STRAND, W.C.2. Telephone: Temple Bar 1515 


CS$26 


problems 
end with 

* FLOWFORGE 
forge welded 
open steel | 
flooring 


FISHER & LUDLOW LIMITED 


FLOORING DIVISION 


BIRMINGHAM NEW ROAD . Dp 
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‘Sole manufacturers in the United Kingdom 


STEEL AND 


Strength, water-tightness and resistance to 
corrosion make Larssen Piling the ideal Civil 
Engineering material for the construction of all 
types of water-frontages. Ease of driving and the 
economy provided by a very versatile range 

of sections, are additional advantages. 


Larssen Piling, newly-driven, during the extension 
of the West Jetty at the Scotstoun (Clyde) shipyard 
of Messrs. Yarrow & Co. Ltd. The Larssen Piling 
in the foreground, driven about 35 years ago, was 


found to be in first-class condition and showed no 


sign of deterioration. 


Consulting Engineers: KYLE & FREW 
Contractors: MELVILLE DUNDAS & WHITSON, LTD. 


IRON COMPANY LIMITED 


CENTRAL SALES OFFICE: 
CARGO FLEET IRON WORKS, 
MIDDLESBROUGH, YORKS. 


TELEPHONE: MIDDLESBROUGH 46311 (13 LINES) 
TELEX: 58551 


LONDON OFFICE: SHELL-MEX HOUSE, STRAND, W.C.2, 
TELEPHONE: COVENT GARDEN 1181/6, 
TELEX; 22480 
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FROM BRITISH OXYGEN— BOR BRITISH INDUSTRY 


British Oxygen Gases Limited 


C . : +) ‘ ‘ed an s ma : 
INDUSTRIAL DIVISION - SPENCER HOUSE - 27 ST. JAMES’S PLACE - LONDON $8.W.1 A @ Company 
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Keeping in touch 


Here is a weekly journal to 
keep you in touch with 
developments in the 
construction industries — 
to provide you with the 
information vital to every 
Structural Engineer, in 

a well-written but easily 
digested form. Published 
every Thursday, The Contract 
Journal is an unrivalled source 
of comprehensive information. 
2/- per copy — 


annual subscription : 
£5 4s. 6d. post paid. 


with 


The 


CONTRACT JOURNAL 


Specimen copy free on request from 


THE CONTRACT JOURNAL COMPANY LIMITED 
32, Southwark Bridge Road, London, S.E.1. Tel: Waterloo 3411 
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Wythenshawe Swimming Pool is taking shape 


Our illustration shows what it will look like when completed later this year, 
Ultrasmodern in design and construction, the pool will incorporate a restaurant, 
a club room and the very latest heating, ventilating and filtration equipment, 
The frame and floors will be reinforced concrete and the 
external surfaces will all be glazed between concrete mullions, - 
As main contractors, SimoneCarves are making yet another contribution ta 
the campaign for brighter British building, Our comprehensive civil engineering 
contracting service ia at work on schools and colleges, office buildings, 
mining installations, railway modification schemes and a great variety of 
industrial plants, We are ready to build to your design 
or to accept responsibility for every stage of your contract, 


fas WO 2 yO EO OU pk 
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Architect: Leonard ©, Maywitt, 
M.Arvehi., BA, (Mane), Di The 
BPAY BRL BAY MA, 

City Avehiteet, Manchester 


Consulting Engineers 
Truseon Lid, 


BUILDING AND CIVIL ENGINEERING BY 


Simon-Carves Ltd 


CHEADLE HEATH, STOCKPORT 
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FACTORIES 


POWER STATIONS 


BRITISH RAILWAYS 


COMMERCIAL BUILDINGS 


SCHOOLS 
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ART GALLERIES 
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KITCHEN & WADE G5 Girder Radial 
Drilling Machine. Available in a range 
from 4 ft. to 12 ft.6in. radius. 


Specialists in Drilling and 
Boring Machines 
for structural engineering 


KIT,CHEN 
& 
WADE 


E24 Radial Drilling 
Boring and Tapping 
Machine. Built with 
radius 4ft. to 6ft. 
and drilling capacity 
up to 3in. from the 
solid in mild steel. 


In addition to the machines illustrated Kitchen & Wade 
manufacture a full range of machines for girder and plate 
drilling, including traverse bed radials, bogie radials for 
plate drilling, adjustable centre multi-spindle drilling 
machines etc. Whatever your drilling requirements it 
will be worth while looking into the K & W range — 
there is probably a standard machine to meet your needs 
in the wide range of types and capacities available. 


KITCHEN & WADE LTD. 


ARUNDEL STREET, HALIFAX, ENGLAND Telegrams : ‘KAW, Halifax’, Telephone : Halifax 67744 (3 lines) 


Member of the Asquith Machine Too! Corporation 


KW 39. 
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A new development in the Lightweight Concrete field 


ae en nee eae 


Lytag is a lightweight aggregate produced from 
pulverised fuel ash by a carefully controlled sintering 
process. Spherical in shape, it has a slightly rough- 
ened surface so providing an excellent key for the 
adhesion of cement. 


LY TAG is used fot... 


Structural Grades of 
Concrete 
It has been the subject of close scientific scrutiny 
p throughout its development. 
rrecast i 

A number of technical papers on the different uses of 
ree Lytag are available and will be forwarded upon 
; request. 


~ 
=~ 


In situ Roof and 
Screeding 
a ee | LYTAG LIMITED 

Manor Way, Boreham Wood, Hertfordshire 


Lytag provides Resistance to weather, ae Telephone: Elstree 2854 
Low U value, Resistance to fire and 


High Compressive strength. A COMPANY 


Refractory C 


12 The Structural Engineer 


_ 


Biz, quality & service 


Site investigations . 


ll 


Bored piling & Foundations 


Materials & Structural testing 


—_ 


__ 


cs 


— Terresearch service has proved its worth — 
Terresearch specialists have a wide, practical experience 
in all branches of building and civil engineering, 
and full resources for carrying out investigations and 


research and sound speedy construction. 


WE HAVE SUCCESSFULLY CARRIED OUT 
SUCH WORK FOR: 


ATOMIC AND THERMAL POWER STATIONS - AIRFIELD WORKS 
RAILWAY WORKS - BRIDGES - ROAD WORKS 
MARINE AND HYDRAULIC WORKS - MULTI-STOREY OFFICES 


AND APARTMENTS - FACTORIES, etc. 


OUR BROCHURE IS YOURS {| BYARE © Uo 


.,’ erresearch LIMITED 


BUILDING AND CIVIL ENGINEERING LABORATORY 
PILING AND FOUNDATION ENGINEERS & CONTRACTORS 


RUISLIP ROAD - NORTHOLT - GREENFORD : MIDDLESEX =: Telephone: WAXlow 6241-2 
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NOT WITH THIS ROOF 


An atmosphere full of moisture and acid-laden soot and 
smoke .. . that is what causes the rapid deterioration of 
the roofing and cladding of industrial buildings. How to 
deal with this menace is a problem to which, until 
recently, there has been no satisfactory solution. 

Now there is an answer — ‘° Corroplast ’ corrugated 
sheets resist corrosion. Experience has proved that after 
FOR CONTEMPORARY CLADDING TOO many years’ exposure in the most severe conditions, 
‘Corroplast ’ sheets do not deteriorate. 

These strong, rigid, laminated plastic sheets are 
economical, too. They last longer than any other sheets, 
need no maintenance, and are free from breakages in 
transit. 
finishes. For roofing and cladding where corrosion is worst, 
always specify... 


‘Corroplast’ is also ideal as side-cladding for 
contemporary buildings, giving a most colourful 
and attractive appearance. Available in three 
integral shades, or in a range of stove-enamelled 


Write or phone to: 


HOLOPLAST LIMITED SALES OFFICE, DEPT. 30, 2, CAXTON STREET, LONDON, S.W . TEL: ABBEY 4866 
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Practical structural insulation with 


The photographs here show portions of 
a two floor detached house currently being 
built. The methods of construction shown 
comply fully with requirements and will 
provide a high standard of comfort in the 
complete house. 


Owing to the adaptability and the ease 
with which Thermalite can be worked an 
overall saving in man-hours can be achieved 
for each house erected. 


premerre st 


1 


i Nisin Late dnkadieners sehtalea e. Ore A he wha g nae be LA 


| THERMALITE} 


ee | 


SR 


| 


cna ON eh en IL es 


Loadbearing insulating building blocks 


= Load Bearing: Inner Leaf. 


Here 4” Thermalite blocks are 

we] shown carrying the first floor 

‘joists. The inner leaf above the joists 
is continued in 3” Thermalite. 


Load Bearing: Front Face. 


This 6” Thermalite solid wall 
Maes Provides simple direct fixing 
without battens. The wall when tile- 
hung will have a ‘U’ value of .16 
B.T.U.’s. The end wall shown is in 
cavity construction using 3” Therma- 
lite inner and 43” brick outer leaf with 
wall-ties spaced at 18” centres hori- 
zontally and vertically. 


Ps Me Load Bearing : Eaves Level. 
} | This internal view shows the 
6” Thermalite solid wall carry- 


Perea 


ing lintel, roof plate and roofing 
members. 
Pete] Chasing and Fixing. 


& | Internal mains service arrange- 
jae ~ment and the direct, positive 
fixing of joinery, plumbing and etc. 
are greatly simplified. Thermalite will 
not cause corrosion of metal fixings. 


For further information and samples apply to: 


THERMALITE YTONG LIMITED, 
Hams Hall, Lea Marston, Sutton Coldfield, Warwickshire. 


Telephone : Coleshill 2081 


A COMPANY 
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This is the century which is out to beat the clock. 
From5 m.p.h. in one of the ‘old crocks” to 25,000 
m.p.h. by rocket into outer space “Faster and 
faster” is the slogan of the age, not only for travel 
but also for production and building. 


Nowadays the framework of a building soars into 
the blue almost in the time it takes to say “ pre- 
fabrication”. 


Speed is the essence of modern building and that 
means prefabricated steel that can be erected 
quickly on the spot. 


Skinningrove specialises in fast deliveries of 
fabricated steelwork inall shapes and sizes. Personal 
attention is given to every order which passes 
through the works. From the time the order 
reaches the office until it is delivered to the site 
everything is done to see that the work proceeds 
quickly. 


For fabricated steel it’s Skinningrove for speed 
and service. 


SKINNINGROVE IRON CO. LTD. 


P.O. BOX No. |. SALTBURN, YORKSHIRE. TEL: LOFTUS 212 


Send for a copy of the new Skinningrove Section and 
Underground Roof Support booklets which give details 
of sizes rolled and services etc.. 
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The HB System of Timber Construction 


The H.B. system of timber construction has been used for twenty years 
in Scandinavia for every sort of wide span roof structure from barns to 
factories and from school halls to aircraft hangars. We have acquired the 
sole licence to manufacture in the United Kingdom under British Patent 
No. 754,303 and are now in production. The system is based upon the use 
of glued laminated flanges and boarded webs through-nailed together to 
form a versatile I section. Designs are prepared in our own office to meet 
the specified functional and architectural needs of each project. Some of 
the special merits of H.B. are :— 


Ridge beam. Spans from 20 to 100 feet. 


Northlight. Spans from 25 to 80 feet 


1. A free choice of design solutions to suit the purpose, 
i.e. two or three pin portal frames, straight or low pitched 
roof beams, continuous beams over intermediate sup- 
ports, and cantilevered eaves to roofs. 


2. A range of clear spans from 40 ft. to 160 ft., all 
economically practicable. 


Three pinned 
frame with vertical outer leg. 
Spans from 30 to 150 feet 


3. Post spacing up to 40 ft. by the use of secondary beams. 


4. Economic cost by comparison with any other design 
system or material. 


Enquimesars welcomed. Two pinned portal frame with cantilevers. 


Spans from 15-40-15 to 30-80-30 feet. 


em rr rr a a ee ee eS ES SS NY 


BEVES & CO. (STRUQTURES) WDD O———————_=_— ace 


Members of the BEVES GROUP 
of companies — 


As T.D.A. Approved Manufacturers, we also make structures of 


Glulam, Boxed Plywood and Connectored Assemblies. BEVES & CO (STRUCTURES) LTD 
Head Office: Kingston Wharf, Shoreham-by-Sea, Sussex. BEVES & CO (LONDON) LTD 
Telephone: Southwick 2285. BEVES & CO (FLOORS) LTD 
London Office: 110 Cannon St., London, E.C.4. BEVES & CO JOINERY) LTD 
Telephone: Mincing Lane 9161. BEVES & CO LTD., Timber Importers 


CVS-35 


Manufactured under licence from 
Ferrand & Frantz Ing. Villeurbanne. 


1 C . ly ESS British Patent No. 705, 148. 
| The remarkable performance of REEL overhead cranes has 
been proved conclusively on hundreds of installations. 
1 (0) K | N (j : The new approach to overhead crane design has put REEL 
| well ahead. Conventional boxed lattice frames have been 
replaced by clean-lined girders providing greater strength 


and lightness, with a consequent saving in power 


| consumption. REEL Cranes can be carried to within two or 
a three inches of the roofwork and are in capacities to suit 


your individual requirements. Full information on request. 


WITH ee 
or 6 ||| 4 REEL 


VERHEAD || 


é 


BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 
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“That new Power Station | 
deserves a 


John Smith Crane !” 


\ 


Special Service to Architect: 
and Planning Surveyors 


Architects and Planning Engineers who are 
contemplating the incorporation of overhead cranes in 
new buildings or extensions are invited to write for our 
Table of Clearances, Weights, Wheel Loads, etc., for 
Standard E.O.T. Cranes. Advice on all lifting problems 
gladly supplied by our technical staff without obligation. 


f fe 
CRANES 


JOHN SMITH (KEIGHLEY) LTD. P.O. BOX 21 THE CRANE WORKS KEIGHLEY YORKS 
Telephone: Keighley 5311 (4 lines) Telegrams: Cranes, Keighley 


London Office: Buckingham House, 19/21 Palace St, Westminster, London SW1. Southern Counties Office: Brettenham House, Lancaster Place, London WC 


May, 170V 
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SUPER SNOWCEM 


WATERPROOF CEMENT PAINT 


makesa 
well-designed house 
even better 

a 


sith Super Snowcem—like many of the walls it decorates and 
protects—has a base of cement that sets rock hard. That’s why 
architects specify Super Snowcem. They know that when it 
comes to the painting of outside walls, no paint in the world 
does the job so effectively, so economically as Super Snowcem. 


7280 Write for free booklet and shade card to: SNOWCEM SERVICE, [4 TOTHIEL STREET, EOINDON, S.W-lr 
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FRANKIPILE 
Large 
Diameter 


Bored 


YOUR ENQUIRIES 
ARE INVITED AND 
WE WILL SEND 
LITERATURE 

fo Ok A. UPON REQUEST 


FRANKIPILE LIMITED - 39 VICTORIA STREET - LONDON - SW1 


TELEPHONE: ABBEY 6006/9 
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NO. 15 IN A SERIES SHOWING TECHNICAL DEVELOPMENTS IN CONCRETE CONSTRUCTION 


Prestressed concrete reservoir 
for New Zealand 


Auckland Star photograph of the 4 million gallon reservoir under construction 


St. John’s Reservoir constructed for 
the Auckland City Council, is a 
circular prestressed concrete structure 


Johnsons were in at the start with wire for prestressed 


en concrete. Their technicians worked with the Continental 
of four million gallons nominal 


capacity. The internal diameter is 180 pioneers in the development of the technique, and today 
ft., and the height from floor to under- Johnsons wire is specified in a large number of pre- 
side of roof beams 25 ft. 8 ins. Depth stressing contracts. 


of excavation over the site averaged 


7 ft. The reservoir is founded on hg SS EN Se Oe ee al 
firm clay. Further details of this 


@ @ 
unusual application are available on | wire was essential arr: | 


request. 


Sponsor: Auckland City Council. | 


Design: Pre-Stressed Concrete 
(N.Z.) Ltd. | 


| 
| | 
: of course?! | 
Ln en ee 


Construction: Tapper Construction Ltd. 


Richard Johnson & Nephew Ltd., Manchester, 11. Telephone: EASt 1431 


UNIVERSAL COLUMNS 
their many advantages 


Universal columns are made in a wide range of sizes and weights, thereby greatly 
simplifying design and construction. The basic sections include the 14” and 16” (rolled 
in four weights), a column core, columns 14” x 143” (4 weights), 12” x 12” (7 weights), 
10” x 10” (5 weights), 8” x 8” (4 weights) and 6” x 6” G weights). 

Each group of different weights of the same basic section is rolled from the same set 
of rolls. Generally, in a tall column the lower length will be of the heaviest weight, 
with intermediate and top lengths of successively lighter weights, but all of the same 
basic size. This enables all lengths of a column to be obtained from the same rolling 
and eliminates delays ; in most cases the need for plating is also eliminated. 

For bridge-building, too, these sections have great value as struts. They can also be 
rolled in special weights having equal web and flange thickness, for use as bearing 


piles, full details of which are available on request. 
EARLY DELIVERY OF THE FULL RANGE OF SECTIONS 


DORMAN_ LONG 
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An adequate and commensurate REWARD will be paid 
for information leading to the recapture of the above 
office junior who is under the delusion that she has 


lost the address of ASSOCIATED LEAD 


and who now fears that her employers are unable to 
obtain supplies of RED LEAD PAINTS; RUSTODIAN CALCIUM 
PLUMBATE PAINTS. This girl is suffering from strong guilt 
feelings and may have assumed an alias. 


This announcement is issued for and on behalf of 


ASSOCIATED LEAD MANUFACTURERS LIMITED, 


pacowcrs 


CLEMENTS HOUSE, I4 GRESHAM STREET, LONDON, E.C.2. CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER. 


Export Enquiries to: Associated Lead Manufacturers Export Co. Ltd.. Clements House, 14 Gresham Street, London, E.C.2 


V7/LLED FOUNDATIONS O 
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ee 
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For full particulars, contact :— 
PETER LIND & CO LTD 


Romney House, Tufton Street, London, swt 
Telephone: ABBey 7361 
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TEST BORINGS 
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GROUND CONDITIONS 


GEOPHYSICAL SURVEYS 


SOIL SAMPLING & TESTING 


REPORTS ON GROUND 


CONDITIONS 


GROUND EXPLORATIONS LT? 


75 UXBRIDGE ROAD, EALING, W55 


Phones: EALing 1145/6 and 9251/2 
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Telephone Nos. TRAfalgar 1165/8/9 
Telegrams: SIMPILESCO WESPHONE LONDON 
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The reliability of GEN HIGH STRENGTH 
BOLTS is due in part to Quality Control 
during manufacture ; but their nature 
makes them superior to any other fastening 
method: the tension put into them 
transmits the load to the members they 
join—leaving the bolt subject only to 
tensile stress and not to shear. They defy 
vibration and temperature changes, save 
on erection costs; carry no fire risk, make 


less noise, need less inspection. 


GIKEN 


HIGH STRENGTH 


BOLTS 


for Structural Engineering are made by GKN under the 
most stringent Quality Control to British Specification 3139 
and American Specification ASTM A.325. 


G K4 N TORSHEAR High Strength Bolts are also available, 


For further information on High Strength Bolting technique get in touch with 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD. 


BOLT & NUT DIVISION: ATLAS WORKS, DARLASTON, S. STAFFS. 


Tel: James Bridge 3100 (10 lines) Telex: 33-228. 


D/HS/885 
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B.S.P. cased piles 45 ft. long being 
installed inside a wharf-side building 
to support a ready-mixed concrete 
plant for The Ham River Grit Co. 
Ltd. Casings driven from base with 
a 14 ton internal drop hammer. 
Contractors: 

CONCRETE PILING LID. 


BS 
ASED 


PILES 


Concrete Bearing Piles with 


Permanent Steel Casings 
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B.S.P. cased piles about 50 ft. long 
being installed at the Esso Saltend 
Terminal, Kingston-upon-Hull, to sup- 
port horizontal pipes. Casings driven 
from base with 14 ton internal drop 


hammer suspended from jib of mobile 
crane. 


Contractor: 

GEORGE DEW & CO. LTD. 
B.S.P. Cased Piles are formed from a tubular steel 
casing which is driven into the ground and then filled with 
concrete, the casing remaining permanently in the ground 
as a shutter which protects the concrete whilst it is setting 
and hardening. 
They are easily driven from the top or base with any type 
of pile driving equipment, can be lengthened on site by 
butt-welding one or more additional lengths as required, 
and can be inspected for their full length after driving. 
The casings are supplied in a wide range of diameters 


and thicknesses and shoes are also available in a variety 
of sizes. 


For further details write for List No. 210. 


TEC NOGR AD 
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THE BRITISH STEEL PILING CO. LTD. 


10 HAYMARKET, LONDON, S.W.1. 


Telephone: TRAfalgar 1024 
BSP. 184 


May, 1960 29 


CONCRETE IN /~ 
SULPHATE- 
LADEN T é 


“y To eliminate risk 


CIMENT FONDU 
SHOULD BE USED 


To ensure 
complete protection 


Oo CIMENT FONDU 
“%, MUST BE USED 
Concrete ; 

made with 
CIMENT FONDU is 
COMPLETELY IMMUNE 

from the effects of 
SULPHATES 
in any concentration 


CIMENT 
FONDU 


ALUMINOUS CEMENT 


Concrete made with Ciment Fondu provides an additional margin of 
safety! It is also resistant to attack by dilute acids often prevalent in 
sulphate-bearing clays, made-up ground and many industrial effluents. 


* Send for leaflet TSS-16 “The Influence of Mineral Sulphates on the Permanence of Concrete Structures.” 
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The Elastic Lateral Stability of Trusses 


by M. R. Horne, Sc.D., A.M.I.C.E. 


Synopsis 


_ The article gives an approximate analysis, using 
the energy method, for the elastic stability out of 
their plane of trusses with outstanding compression 
chords, the tension chord being held in position. 
Previous discussions of this problem have usually 
considered it in terms of the stability of the com- 
pression chord as a member subjected to various 
elastic restraints. In the present treatment, the 
truss is considered as a whole, account being taken 
of the flexural and torsional rigidities of all the mem- 
bers, and of partial restraint of the tension chord 
against twisting. The analysis is interpreted in 
relation to a number of common arrangements of 
vertical and diagonal web members. The analysis 
is derived for a truss in which the compression chord 
is of uniform section, carrying a uniform thrust, 
but the use of some of the results as approximate 
criteria of stability for non-uniform conditions is 
also discussed. 
Introduction 


This article deals with the lateral stability of an 
elastic plane truss with parallel chords, such as that 
shown in Fig. l(a). The analysis applies to any 
arrangement of vertical and diagonal web members, 
the only restriction being that no account is taken 
of intersections within the web. The truss is sub- 
jected to any combination of uniform bending moment 
and overall axial load. The compression chord (AB 
in Fig. 1(a)) sustains an axial load P and is laterally 
supported only by the web members of the truss, 
except at A and B, where it is assumed to be restrained 
against deflection out of the plane ABCD. The chord 
CD may carry any axial load Q (tensile or compressive), 
and is laterally supported at the panel points. Allow- 
ance is made in the analysis for elastic restraints 
against twisting of the chord CD about its longi- 
tudinal axis, these restraints being applied at panel 
points. Although this simplified form of loading 
is assumed, some of the results may be applied approxi- 
mately to a truss more realistically loaded as shown 
in Fig. 1(b) provided the vertical loads are applied 
to the lower chord only, and the web members do 
not sustain compressive axial loads which are a high 
proportion of their axial loading capacities as pin- 
ended struts. The analysis is of particular interest 
in relation to trusses composed of tubular members, 
but is not restricted to such cases. The joints are 
all assumed to be rigid, and the members prismatic 
between panel points. For the sake of analysis it is 
also assumed that the chords are each of uniform 
section, while each set of web members (for example, 
the verticals) is of uniform section throughout the 
truss. 

When the axial load P in the compression chord 
reaches a critical value, the truss buckles laterally 
as shown in Fig. 2(a). The buckling mode may be 
in a single half-wave, or in a series of almost equal 
half-waves. The compression chord is acted upon by 
a series of torques, moments and shear forces from 


the web members. 


(b) 
© LATERAL RESTRAINTS. 


TRUSS UNDER (@) UNIFORM THRUST AND TENSION. 


(b) VARYING BENDING MOMENT. 
ElGuake 


- In most treatments of this problem, the stability 
of the compression chord is investigated by assuming 
that the restraints from the web members may be 
represented by the action of springs lying in a hori- 
zontal plane, as shown in Fig. 3(a). Bleich! suggests 
methods for solving this idealisation of the problem, 
allowing for changing axial load and cross-section 
of the compression chord and variations in the spacing 
and stiffness of the springs. For the simpler case 
of a uniform axial load in a chord of uniform section, 
with equal spacing and stiffness of the springs, an 
early approximate solution by Engesser? gives good 
results. If the springs in Fig. 3(a) require a force 
k to produce unit deflection, and the springs are 


Po 


M, Bi | 
= ~ a = G 
Fh 
(8) }+#-——— H cosee 6 ———* i: 


TRUSS IN THE BUCKLED STATE. 
FIG. 2. 
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(5) 
STABILITY OF ELASTICALLY SUPPORTED BAR. 
FIG. 3. 
TABLE 14 


FLEXURAL 


MEMBER RIGIDITY 


TORSIONAL 
RIGIDITY, 
TENSION BOOM 
COMPRESSION BOOM 


VERTICALS 
DIAGONALS 


B = (By+ Bs) sin? d 
C = (C4+Cs) Sin?d 

H2 FLEXURAL STIFFNESS OF TRANSVERSE 
A= Ss x MEMBERS AT EACH LOWER PANEL POINT. 


spaced at intervals s, Engesser replaces the springs 
by a continuous elastic medium which resists unit 


displacement by a force of@ per Unit. Jenpth sore ne 


chord, as shown in Fig. 3(b). It is then found that 
the chord buckles in half-waves of length / where 


ah 
l=n Gai Gale uke, Span 


in which EI is the flexural rigidity of the chord for 
bending out of the plane of the truss. The critical 
value of the axial load P is 


P25 ety : 2 4 ; , 5 (2) 
Engesser showed experimentally that equation (2) is 
remarkably accurate provided : > 1-8 and this has 


been confirmed theoretically by Bleich!. Equation 
(2) has been used extensively for bridge trusses in 
which the web members in Fig. (1) are almost com- 
pletely direction fixed at their feet. The Engesser 
solution assumes that the chord is infinitely long and 
that the ends are fixed against lateral deflection with 
sufficient rigidity for the buckling load not to be 
reduced by buckling at the ends. The effect of com- 
pletely free ends has been discussed by Zimmermann3, 
while Chwalla4 considers ends of finite rigidity. The 
case of chords of finite length in a continuous elastic 
medium, but with ends fixed against lateral deflection, 
has been discussed by Timoshenko5, who deals not 
only with uniform axial loads in the chord, but also 
with axial loads varying parabolically. 

Reference to Fig. 2 shows that the compression 
chord in a truss is not only restrained against lateral 
deflection (in direction OX), but that the chord mem- 
bers also provide restraint against the twisting of the 
chord about its longitudinal axis (parallel to OZ). 
The rotation of the chord at panel points about axes 
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parallel to OY is also partially restrained, this restraint 
being due to twisting in the vertical chord members 
and to bending and twisting in the diagonal members. 
The buckling of a uniformly compressed, uniform 
chord member with equally spaced lateral and rota- 
tional restraints has been discussed by Budiansky 
et al§. For the compression chord in Fig. 2, this 
treatment would allow for restraints at panel points 
against deflections parallel to OX and for restraint 
against rotation about axes parallel to OY, but would 
ignore the effects associated with the twisting of the 
chord about its own longitudinal axis. The effect 
of bending moment in the vertical members, and 
their interaction with the twisting of the chord has 
been discussed by Hrennikoff? who, however, ignores 
some of the other restraints. 

An exhaustive study of the problem of buckling of 
chords in pony trusses has recently been conducted 
by Holt’. It will be appreciated that a complete 
solution is extremely involved, and Holt’s treatment 
is too complicated for practical use. In a review of 
theoretical and experimental work on the buckling 
of top chords in pony trusses, Handa? comes to the 
conclusion that the simple formula of Engesser gives 
results as good as any for the collapse loads of actual 
trusses, and that the complications of most treatments 
are not worthwhile. This is perhaps not surprising 
in view of Bleich’s findings in relation to Engesser’s 
formula. The trusses considered by Handa are 
composed of open section members, so that effects 
associated with the resistance of the chord and web 
members to twisting are of no importance provided 
local torsional buckling does not occur. When 
closed sections are used, and buckling rigidities become 
of the same order as flexural rigidities, the Engesser 
formula can no longer be expected to give reasonable 
results. The essential features of the Engesser solution 
may, however, be retained by considering all restraints 
to the chord from the web members to be distributed 
continuously as in a special sort of elastic medium. 
It is thus possible to make a sufficiently accurate 
allowance for all the restraints which have been con- 
sidered in a more elaborate manner by the many 
authors who have written on the subject. This 
generalised solution to the buckling of a compression 
chord in a truss is the subject of the present paper. 

It is a common feature of the treatments previously 
given that they consider the feet of the web members 
to be completely or partially restrained, without any 
allowance for the behaviour of the tension chord. 
Because of the high rotational restraint at the feet 
of the web members in bridge trusses, the neglect of 
the tension chord is justified, but trusses forming 
part of a building structure may be in a different 
category. Subsidiary members such as sheeting rails, 
connected to the tension chord, will usually suffice 
to restrain it in position laterally, but may not have 
large enough flexural stiffness to offer significant 
restraint against twisting. If the tension chord is of 
tubular section, it will then contribute appreciably 
to the stability of the truss. A solution which allows 
for the resistance to twisting of the tension chord 
must necessarily treat the truss as a whole, and this 
is the basis of what follows. The analysis is based 
on the energy method, allowance being made for 
the resistance to bending and twisting of all the mem- 
bers, and also for partial twisting restraint applied 
to the tension chord. The analytical results are 
summarised in Table 2 on pages 150 and 151. The 
solutions are interpreted specifically in relation to 
six arrangements of vertical and diagonal members, 
but are not restricted to these arrangements. 
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Notation 

The notation is summarised in Figs. 1(a) and 2 and 
in Table 1. The flexural rigidities Be, B3, Ba and 
Bs are the values of EJ for bending out of the plane 
of the truss (E modulus of elasticity, J moment of 
The torsional rigidities Cy to Cs are the 
values of GJ (G elastic shear modulus and J the St. 
Venant torsion constant). The flexural stiffness of 
the members (not shown) which restrain the tension 
chord CD against twisting is defined by the quantity 
A, which has the dimensions of the flexural and 
torsional rigidities ((force) » (distance)2). If the 
external members attached to the tension chord 
produce a torque of T at each panel point for unit 


2 
angle of twist of the chord, then A = ee T where H is 


the depth between centres of chords and s is the distance 
between panel points (Fig. 1(a)). The symbol 2 
denotes the angle between the diagonal members 
and the tension and compression chords. The length 
of the truss, between points at which the compression 
chord is restrained against lateral displacement, is 
denoted by L, while / is the half-wavelength for the 
compression chord in the buckled state. The thrust 
in the compression chord is denoted by P. 

Various symbols, (yu, y, B, C, D, F) are used to 
denote functions of the above quantities, and are 
defined as occasion arises in Table 2. In the analysis 
we take axis OZ along the centre of the tension chord 
(Fig. 2(a)), OY in the plane of the truss perpendicular 
to OZ, and OX perpendicular to OY and OZ. The 
angle of twist of the tension chord is denoted by 9, 
and of the compression chord by 02, while the de- 
flection of a point on the compression chord out of 
the plane OYZ is denoted byw. Taking any particular 
web member FGin the deformed state (Fig. 2(b)), 
the angles between the tangents at F and G and the 
straight line FG are denoted by (1 and Be respectively. 


General Analysis 
It will be assumed that, in the buckled state, the 
lateral deflection of the compression chord (in direction 
XO) is given by 
u = HO sin ie ea EN Cs 
where z is measured from one end. It is assumed 
that the tension chord remains straight. These 
deflected forms neglect the local distortions produced 
in the chords by the bending and twisting resistance 
of the web members, and are justified provided the 
flexural rigidities of the chords are large compared with 
the flexural and torsional rigidities of the web members. 
The angles of twist of the tension and compression 
chords (clockwise about OZ) are represented by 


6) = a0sin =, aly eam ae bias) 
Oo = an0sin =. > ele eta a ae) 


The external work, per length / of the truss, due to 
the thrust P in the compression chord is Up where 


I 
P du\2 as ; 4 . 5 6 
Ue=3 f(a) *= 3 ie ) 
Oo 


Since the tension chord is assumed to remain straight 
no work is done by the force Q. The external work 
Up has to be equated to the total strain energy due 
to buckling in the members of the truss. 
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The tension chord has strain energy due to twisting 
Ug where 


t 
Ci ( /4%\2 mea" Cy 
U. = — = — pas 2 . . . 
ol | (ae) 4 ] 02. (7) 
0 


The compression chord has strain energies Ugg due to 
bending and Ugg due to twisting where 


l 
Bg a24\ 2 t4 BoH? 
L 
$ Co dO, 2 Te 2a92 Co : : 4 
ae i) (Ge) ie eran a (9) 


Oo 


We consider now the twisting and flexure of any 
diagonal member FG (Fig. 2). The line F)F2 is taken 
through F perpendicular to FG and in the plane OYZ. 
The line GjGg passes through G and is parallel to F,Fs. 
Since there is continuity between the tension chord 
and diagonal FG at F, the tangent to FG rotates 
during buckling about FF, through the angle 


(a Sin = . SIND ) where z is the distance of F from 


the origin. Similarly, the tangent to FG at G rotates 
about G G2 through the angle 


(cxtsin nae Sy sing + 0 cos nz + 8) cos) 


l l 
The chord FG rotates about F,F2 through the angle 


(_osin wend sin 2) The angles $8; and fe in 


L 
Fig. 2(b) are thus 
hia of sin BEES) —- ay sin | sin B, 
Bs = al (sin al - ) apsin ES) sin @ 


L l 


We now make the assumption that H and s are small 
compared with /, and ignore s in comparison with 2. 


Hence 
Bi = (1 — a) 0 La i ae eetie  e (10) 


l 
H ; 
Bg = (1 — 4a) 0 sin =. sin @ -_-- 6 cos =. cos © 


(11) 
If we denote the bending moments at F and G in 


the member FG by M, and Mz respectively as shown 
in Fig. 2(b), then the slope-deflection equations give 


ae cos ds cos 2 |. 


Re righ sb swle, oh te 
Me = ~74 (fi + 262) sin o dee dae. 1 met ee, 2)! 


where By, is the flexural rigidity of FG. The flexural 
energy in FG is this AUga where 
AUga = 4(MiBi + M2Be) 


7 Ss (Bi2 + Bi Be + Be?) sin @. . « (14) 
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TABLE 2. 


(B,+Bs) sin? sad 
(c4+ Cs)sin ¢ ee me 


22) Oe 


B, sin d 


Cc, sin? 


O DENOTES COMPLETE RESTRAINT AGAINST LATERAL DEFLECTION. 


D=Ccot + (B+Bs)tan?, F= Ccot $+4(B+B3) tan. 


LET te Caan) WHERE ae ha 25 
) (AtF+ St)(F+ Sb) + 9¢ (B+B;)— DF f 

GENERAL i 

SOLUTION. rete 6 (B+B3) (A +2D+—) 


= ] 
(A+ Ft <5) (r+ ) + 9¢(8+B5) -DF 


B 
—2 + ai Cit aCe + 4Beok + (c+C3) tan $ 
n 


+n? {a? A+4 [G- aj)'+(1-a)(I-a2)+(!-aa¥ |(8+85)tan $ +(a)-ay)" Cot 4 : 


TAKE SMALLEST P (m= 14, 2, -~_____ ie 


\ 

v2 

E pee brea <a AND (+ SS ies Ba M [18> (B+B3) ? 
\ Cy 


BtBs Slh=s5 
= ni E e098) {1-4 fle +4Bcot p + (C+Cs3) ten $ |) 


‘Lye TW / Bs bentecgeet tee ati BERR: 
=| AND (a PATS ese | — 4 1 B2(B+ Bs) 
cy 
(ALL VALUES OF L), 


2c, 
PETE NAT piat he wo +}. 


pe \L/ B+Bs 


SAFE RESULT, ALL LENGTHS, H y82(B+Bs) |, 
1 
at A KM {Be (B+B3) 
P= 2 E fox(@r85 { \- rr Balers), A4Bcot d +(C+Cs) tan 6]. 
SAFE RESULT, ALL LENGTHS, MK 1B. (B+B;) eine 
(ee Per, ¥ 


Liners i [ 2c + 4B cot $ + (+s) tan ¢ |. 


cm 
* For = read & 
YU a 
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TABLE 2.) CONTINUED. 


POD Pages 


BzSIn° $, Bz= 0 


C4 SiN? 9, C3= 0 


FLEXURAL STIFFNESS OF TRANSVERSE ATTACHMENTS 
AT EACH LOWER PANEL POINT. 


Ccot h + (B+B;) a 
ae tan ¢ {S$ + 4(B+B3) tan)” 


z 
78, (B+B;) _ | ae ey A | 
Cin 


? FY B+Bs 1-3/8. 78,) 
2 3 3 sa 


P= make B, (B+B,) {1-2 1229 | + 4Bcot P +(C+Cs) tan |, 


ETS | 


(82 (8+ Bs) =< | AND (4) =< 


H 
(ALL VALUES OF L), 


+ 4.Bcot + (c+C3) tan F 


2 \ 
aa) Bio ee ee 
74 B+Bs |-)/B2 (8+B3) 
C2 


SH! 
\ 
t i Hy? _Ca_ 
B+Bz 
[8,(B+B 
SAFE RESULT, ALL LENGTHS, 3 S2(5+8s) al ies 
| % ¥B2(B+Bs) 
= | 25 (axteres { \- oT ae + ABcot d +(C+C3) tan@ |. 
SAFE RESULT, ALL LENGTHS, 9 /B. (B+B3) a 
Co ? 


ae fae 4Bcot > + (C+C3) tan ¢|. 


Cot > + (B+Bs) tan + ; 
Fe han Po) esc e +4(B+B3) tan ¢ 


L \2 Tn Bo 2 B+Bs 
a) econ cra ae ona Dee 


= | PAS + ABcot > + creator). 


| + a2 B+B; 


A 
L\2 Te aLrn B+B, 
eal i; 3 B+B; ag ae gs 


o (LY (B+ 
oe ee + 4B cot > +(e +03) tnd |. 
\ 


2 B+ Bz 
+ 4) 7 


SAFE RESULT, ALL LENGTHS, 
ES LSSSED +4Bcot ¢ + (C+Cs) tan +]: 


| 
eee 


2 
7. or 3 read = 
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If there is one diagonal number for each length s of the 
truss (as in Fig. 2), the mean bending energy in the 
diagonals per unit length of the truss 1s 


BU ee OB on 
5 H 


The total bending energy in the diagonals throughout 
the length / is 


l 
AUpat 
Un = f( Be  ) ae ae eee 
oO 


Substituting for 81 and Bz from equations (10) and (11) 
in equation (14), and thence for AU gg in equation (15), 
the value of Up, becomes, on integration, 


Upsa= | {(1 -ay)2 +(1 -a1)(1 -ae) + (1 ~ ag)? } tan @ 


H\2 Basin’ @)I 
=(7) cot Maes 6, . (16) 


The end F of the diagonal FG twists about FG 


through the angle (a 0 sin =. cos 2), while end G 


twists through the angle 
( 6 sin Tae s) cos B@ — an cos ee af sin 2) 


l l l 


Again, neglecting s in comparison with z, the twisting 
energy AUgg in the diagonal is 


AU == oar (% ——s ag) 6 Rp eee cos @ 


2H l 
4 aE 0 cos ™.sin oY sin Cio) ae eet 7) 
The total twisting energy in the diagonals is Ugg where 
i 
ars Gana is A Ss, 
0) 
whence 


2 
Ua = [ (a: — aay cot B@ + (=) tan | x 
(Ca sin’ @)I 
4H2 


The bending and twisting energies in the vertical 
members of the truss may be derived from the values 
for the diagonal members as follows. It is assumed 
that the vertical members are spaced at intervals of 
s = H cot g, asin Fig. 2(a). The angles 61 and Be for 


§2. . . . . 5 . (19) 


any vertical FK are obtained by putting g@ = 3 


in equations (10) and (11), and the bending energy 
AUg;3 is then obtained from equation (14) by putting 
C= 5 and replacing Bg by B3. The total bending 


energy Ugs in all the verticals is obtained from equation 
(15), but an @ must here be retained since it corres- 


H 
ponds Poa and defines the spacing of the members. 


Hence 
Ups = {(1 — a1)?+ (1 —ay) (1 — ag) + (1 — az)" x 
tan @. ae fdgec hae Soar aetna E63) 
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Similarly we obtain the twisting energy Ugg in the 
verticals, 


2 Gr 
Ves = (7) tana 0. tc, (21) 


Finally we require the energy stored in the sub- 
sidiary members which restrain the tension chord 
against twisting. The restraining torque per unit 


me see UES i ih eae | 
length is Ce! 0 sin sr and since oe ye the total re- 


straining energy U, over the buckling length / is 
P 2 


A tee Al 
Uy = aa | (4 0 sin ZI if ay? 4H2 62... (22) 
O 


The energy equation for the length / of the truss is 
Up ras Uy, “ Uxge + Usa E'S Ugat+ Ua + Uce 4- Bec; 
C4: . . 


Upon substituting for the expressions for the separate 
terms, we have 


PH?=a;2 Cy+4a22 Ce+4B cot @ + (C+Cs3) tan @ 

+ = + n?ay2A + n?(a, —- ae)? C cot @ 

+4n2[(1-- ay)2+ (1—ay) (1— ae+ (1— ae)?] (B+ Bs) tan @ 
where iy is, A ema 
as 

sell 

Bie BSI a 

C = Ca sin? go. 


/( 


The buckling length / may assume any value = 
where m is a digit. For each J, the corresponding 
buckling load P is obtained by putting ==.0. cand 

1 


oP 
dag 
arbitrarily chosen coefficients a; and dg. 


= O, so that P is a minimum with respect to the 


Hence 
2(8— 2a;-- ag) (B + Bs)tan @ — (a,—4e) C cot @ 
a4Cy 
= aA = a hb (25) 
2(3 — a, — 2ae)(B + Bg) tan @ + (a1 — a2) C cot @ 


a2C2 
re 


(26) 


Equations (25) and (26) may be solved for a; and dg 


and the resulting values of a, and dg substituted in 


equation (24). If P = Pi cotresponds to m = 1, 
P = Pz to m = 2 etc., it will usually be most con- 
venient first to calculate Pj and Pe; if Pi < Pe, then 
P, is the required solution. If Py > Pe, then P3 is 
calculated ; if then Pg < Ps, Pe is the solution, and 
so on. The complete equations for this general 
solution are given at the beginning of Table 2 on 
page 150. The diagrams at the head of the table 
show how the results may be applied to trusses with 
some common arrangements of web members by 
suitably adjusting the significance of the terms B and C. 
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The above procedure is lengthy, and in some cases 
a more convenient solution, on the safe side, may be 
obtained if it is assumed that / may possess any value 


lessthan. We then have a = Oor, since 
ene?) 
cH’ On 


Hence 


ay? A + (a, — ae)? C cot @ 
+ 4{(1 a a3) + (1 — a) (1 = ag) 
qe a)". i, Bg) ae @ 
= a ie ae 7) 
The value of P now appears as the solution of equations 


(24) to (27), provided << Lorn < = ealhe 
solution for P is not explicit, but an expression for P 
may be obtained for the following special cases. 

tly eet OL) f Gy == 105) 

(Zim Ace=anO, Cy = 03 

(ome O09= Co =O, 
Bye Gr 0)" ‘Cy'= 0. 


general 


Results for these four sets of conditions are sum- 
marised in Table 2. Their derivation will be illustrated 
by considering the second case, A =O, C; = O. 


The Case A = O Cc; = 0 


If we put y= (e ae) tan? @, 


equation (25) becomes 


ba basta 
(1 a1) 1 ape 4y (1 a ag) (28) 
; aes l+y¥ , 
and if y? = 12 tang aa equations (26) 
and (27) become respectively 
1 — ag) C 
eae 2), fe fees “civ Op cS 
ee bre B,” 8) 
Be 
Mes (f ae\ar es: 
n4 2 (1 — ag) BoB; (30) 
Hence 
a n / Bo(B aig B3) (31) 
Ce 
N2 = 4 Bs : (32) 
HA! By cheLs 4/ Bo(B + Bs) 
I— y Ca 


By substituting for a1, az and in equation (24), we 
obtain 

1 — 1 Vv Ba(B + Bs) 
P= FB | env Baz + Bs) {1 Puro eo 


+4 Bcotg + (C + Cs) tan 2 | (33) 


Equation (33) applies provided the length / = nxH 
obtained from equation (32) is less than the length 
of the truss L, that is provided 


H NA/ B+ Bg | Be ECE) 
Cg 
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When L is smaller than the limit given by the in- 
equality (34), the buckling length / must be taken 
equal to L, and the value of P is obtained by sub- 
stituting =— in equations (24), (25) and (26). 
Hence it is found that 


fs Pa god Cg 
pf" He? ne /H\2 Co 
n2\L) B+ Bs 


+4 Bcote + (C + Cs) tang 


(35) 


A safe solution for P will result if the member is 
assumed to be infinitely long, whatever its actual 
length may be. For such a safe solution, equation 
(33) is appropriate provided the value of » given by 
equation (32) is real, that is, provided 


s/ Bo(B + Bs) 
y eG 


ait 


When this 

condition is not satisfied, it denotes that the buckling 
length is infinitely long, and a safe value for P is 
obtained from equation (35) by putting L = o, that is 


| © +4Bcot @ + (C + Cs) tan | (36) 

The interesting feature of equations (33) and (36) is 
that they provide a safe estimate of the buckling load 
of the truss without reference to the length between 
laterally restrained points. These safe estimates 
are given for all the special cases in Table 2. 


P= 


Numerical Example 

The Warren truss in Fig. 4(a), 60 feet long and 
5 feet deep between chord centres, is composed of 
circular steel tubes of the sections indicated. The 
modulus of elasticity, E, is 13,000 tons/in.2 and the 
elastic shear modulus, G, is 5,000 tons/in.2 Each 
panel point on the lower chord is partially restrained 
against twisting about the longitudinal axis to give 
A = 150 x 108 tons in®., corresponding to a stiffness 
at each panel point of 3,500 tons ins. 

The value of P which would cause instability, all 
members being assumed to remain elastic, may be 
estimated in various ways, and the solutions are 
summarised in Table 3. The first result quoted is 
based on the general solution in Table 2, it being found 
that three half-waves gives the minimum value of P 
(313 tons). With two half-waves, P = 364 tons, and 
with four half-waves, P = 347 tons. A cross-section 
of the truss in the deflected state when three half-waves 
form is shown in Fig. 4(b). 

The analytical solutions given in Table 2 for the 
three cases. (A-—= 0) Ci = Ce), (A = O, Cj = O) and 
(Ci; = 0, Ce ='0) have been used in lines 2 to 4 of 
Table 3 to provide safe estimates of P. The values 
of the various flexural and torsional stiffnesses assumed 
in each case are quoted, as also are the buckling 
lengths J. It is interesting to note that the actual 
buckling length (20 feet, line 1 of Table 3) is smaller 
than any of those obtained in the subsequent safe 
estimates of P, being slightly less than the shortest 
(26 feet, ine 4). The shortest buckling length obtained 
from the safe estimates may, in fact, always be used 
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to obtain an approximation to the actual buckling 
length. Finally, if the Engesser formula is applied 
(line 5), allowance being made for the incomplete 
torsional restraint on the lower chord, then P = 133 
tons. The Engesser formula thus underestimates 
the critical load in this case by some 57 per cent. 


Application to Trusses with Non-Uniform Thrust in 
Compression Chord 


The analysis contained in this article has been 
derived by reference to the case of uniform thrust in 
the compression chord. The “safe” results con- 
tained in Table 2 may, however, be used to obtain 
an approximate criterion of safety for trusses with 
non-uniform thrusts, and also non-uniform cross- 
sections, since these “‘safe’’ results do not involve 
the length between points of support. A truss will 
be stable provided the thrust P does not exceed the 
value given by the appropriate “safe ’’ equations in 


ee 
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Table 2 at any section along the truss. The member 
properties assumed in any such calculation are those 
corresponding to the particular section of the truss 
considered, certain properties being reduced until 
one of the cases contained in Table 2 becomes relevant. 


An exception to the validity of the above criterion 
may occur when the axial thrusts in the web members 
become appreciable in relation to their individual 
buckling loads as pin-ended members. Hrennikoff? 
in his treatment considered the effect of such thrusts, 
but this is a subject requiring more detailed study. 
It may be noted that in many trusses, the effect of 
axial thrusts in some of the web members will be 
largely compensated by equal tensions in adjacent 
members. Moreover, the most critical section of the 
truss for buckling of the compression chord will 
usually correspond to that section where the axial 
loads in the web members are small. It may therefore 
be concluded that the effect of axial thrusts in web 
members may usually be neglected. 
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Discussion 


The Council would be glad to consider the publication 
of correspondence in connection with the above paper. 
Communications on this subject intended for publication 
should be forwarded to reach the Institution by the 
30th July, 1960. 


Book Reviews 


Advanced Structural Design, by Cyril S. Benson. 
(London: Batsford, 1959). 9in. x 6in., 329 plus 
xiii pp. 50s. 

This interesting and practical book consists essentially 
of the material one would compile in designing seven- 
teen structures. Of these ten deal with structural steel 
projects, five with reinforced concrete structures and, two 
with brickwork construction. The problems analysed 
are diverse : included are the complete designs for a 
grain silo, highway bridge, tank structure, 120 feet 
span shed, two-bay portal plant house, theatre balcony, 
multi-storey office building, bunkers, gantries and a 
chimney. 

The work is clearly presented in a digestible form, 
and the calculations are skilfully augmented with 
explanation where necessary. It should help to broaden 
the structural horizons of the many designers who, 
unfortunately, are only trained in dealing adequately 
with one structural material and rarely get the chance 
to see what the other fellow does in practice. 

Unfortunately, the book must lose a great deal of 
impact in that BS.449 : 1948 is used for the steelwork 
designs. It may also be said that the designs tend to 
be dated and many will regret that there is no reference 
to the Plastic Theory in steelwork, or to prestressed 
concrete and that little guidance is given to the student 
designing welded structures. 

Despite these shortcomings, the book may prove a 
useful stimulant for students planning to take the 
Associate membership examination. R.H. 


Civil Engineering Contracts Organization, by John 
C. Maxwell-Cook. (London: Cleaver-Hume Press, 
1959). 84in. x 54in., 220 plus viii pp. 22s. 6d. 

The Author sets out comprehensively the procedure 
from the inception of a scheme by the employer to 
its development in the contract stage, giving the 
relationships between the various parties concerned, 
advisory and executive, for the successful completion 
of a civil engineering project. A survey is given of the 
contract documents in general use with definitions of 
contract terms and useful comments on the clauses, 
and some piquant observations on financial arrange- 
ments. 

The personnel required for the execution of the com- 
plete scheme is described from top level to the labourer 
and detailed as regards their duties and relationships. 
The importance to the client and contractor of a 
preliminary site survey and report by the consulting 
engineer on ground conditions has not, perhaps, been 
given sufficient place. 

The chapters on specifications are perhaps not 
sufficiently up to date particularly regarding concrete 


which is mostly specified by quality control and strength 
nowadays, nor is there any mention of materials testing. 
Most large contracts are usually now equipped with a 
site laboratory for this purpose. 

The site organization section contains many useful 
suggestions and aids to economy and smooth running 
of work on a construction site, and stresses the desire 
for design to be allied to easy and rapid execution at 
site. The Glossary forms a welcome appendix. 

The book will be interesting and informative to all 
concerned in the development and execution of civil 
and structural engineering projects. PF... 


Linear Structural Analysis, by P. B. Morice, D.Sc., 
Ph.D., A.M.I.C.E., A.M.I.Struct.E. (London : Thames 
& Hudson, 1959). 94in. x 64in, 170 plus xii pp., 
35s. 

Since the 1930’s, methods such as strain-energy and 
least work have steadily been giving way to methods 
of successive approximation for the analysis of many 
forms of elastic structures. Quite recently, however, 
the introduction of matrix algebra to structural analysis 
has greatly increased the usefulness of the classical 
approach. Moreover, electronic computers are available 
to perform the tedious numerical work involved in 
processes such as matrix inversion, thus making 
possible the solution of problems having a high degree 
of indeterminacy. 

This book forms an excellent introduction to the 
subject. The first two chapters are largely devoted to 
the basic concepts of strain energy, Castigliano’s 
theorems, and influence coefficients, and include a 
variety of examples. There follows a treatment of the 
question of the degree of indeterminacy of structures 
by a method which is stated to be without exception in 
its application to skeletal structures and, as such, 
represents a notable advance on previous methods. 

Matrix algebra is then introduced, particular atten- 
tion being paid to computational procedures, the 
description of each type of matrix operation being 
accompanied by a simple worked example. The follow- 
ing chapters deal with scale factors, transformation of 
co-ordinate systems and a number of points concerning 
release systems (of which the suitable choice may 
simplify the analysis). The final chapter deals very 
briefly with the programming of an electronic digital 
computer for structural analysis, and an appendix 
gives four worked examples which nicely illustrate the 
methods developed in the main text. There are 
numerous references which will help the student who 
wishes to pursue further any aspect of the subject. 

BE. M. 
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The Design of Slab Type Reinforced 


Concrete Stairways 


by A. C. Liebenberg, B.Sc.(Eng.), A.M.I.Struct.E., A.M.I.C.E. 


Synopsis 


The Author develops a method of design of slab type 
stairways, based on deductions made from full scale 
and scale model tests, which incorporates the exten- 
sional stiffness produced by the interaction of the stair 
flights and landings and which has been successfully 
applied in practice. 

Although the very simple analytical procedure does 
not yield ‘exact’ solutions the inaccuracies involved 
appear to be small for most cases occurring in practice. 
Not only does the method lead to economy in design but 
the architecture can in many cases be enhanced by the 
elimination of beams and columns without the use of 
excessively thick sections, which would be required if 
the design procedures used in normal practice were 
employed. 


Introduction 


The normal practice in the design of slab type stairs, 
as typified by the recommendations of the “ B.S. Code 
of Practice for Reinforced Concrete No. 114, 1957, 
Clauses 341 and 342,” is to neglect the extensional 
stiffness provided by the interaction of the stair flights 
and landings and to consider the total resistance to the 
loading to be provided by bending forces only. Full 
scale load tests! carried out on a stairway of a rein- 
forced concrete building in Johannesburg in 1952 
demonstrated clearly that the normal method of 
analysis gives an incorrect picture of the load carrying 
mechanism in many types of stairs and leads to in- 
correct and unnecessarily conservative designs. 

The conditions necessary for total or partial exten- 
sional stiffness to be produced exist in many types of 
stairways occurring in practice. As it would, however, 
be difficult to lay down general rules covering all the 
possible variations it is proposed to develop the 
analytical method for a few typical cases from which the 
general design procedure will be obvious. The Author 
has applied this method of analysis to the design of 
several types of stairs which have been constructed with 
complete success. Various Authors have in recent 
papers described stairs designed along similar lines, 
but the basic approach to the problem as presented 
here is new. 


Analysis 


An ‘ exact’ analysis of slab type stairs in accordance 
with the theory of elasticity is beyond the scope of 
existing rigorous mathematical methods. One of the 
more powerful numerical methods would have to be 
applied. Such an amount of work could not be justified 
in practice for a structure of this type. The method 
developed below is only an approximate method, but 
compares favourably with normal design procedures 
used in the design of reinforced concrete slab and beam 


systems in which compatibility of strains and deflections 
is mostly neglected and similar arbitrary assumptions 
as regards load and stress distribution are made. These 
and other so-called secondary effects which cannot be 
accurately determined on account of the many un- 
certainties inherent in reinforced concrete can usually 
be ignored because they are included in the factor of 
safety. 

As the thickness of the slab elements of stairs is 
usually small compared with the planar dimensions, 
the extensional stiffness may, under certain conditions, 
greatly exceed the flexural stiffness. (The ratio is not 
equivalent to that of shell structures but is nevertheless 
significant). The primary load carrying system in such 
stairs is therefore produced by extensional (also known 
as membrane or planar) forces caused by the inter- 
action of the stair flights, the landings and other 
external restraints such as walls, columns, beams and 
floor slabs. These ‘ points’ or ‘ lines’ of intersection of 
the slab elements become in effect ‘supports’ to the 
secondary load carrying system of bending forces in the 
slab elements, due to the fact that the resultant compo- 
nents of the extensional forces at these intersection 
points provide reactions which balance the shear forces 
in the slab elements. 

The tests referred to above indicated that the 
deflections of the ‘ supports’ at the intersection lines 
were small compared with the deflections due to bending 
of the stair flights and were of the same order of 
magnitude as the deformation of the brick wall supports. 
These ‘supports’ are therefore taken into account in 
the determination of the bending forces in the slab 
elements, the same assumptions being made as in 
normal design practice for the design of slab and beam 
systems. 

The primary system may be complete in that it 
consists only of extensional forces or it may be an 
incomplete primary system which in order to have 
stability requires bending stiffness in certain members 
to supplement the incomplete extensional force system. 
It is essential to stress the necessity of such systems 
being completely stable for all possible modes of 
loading with sufficiently stiff external restraints to 
provide the reactions to the unbalanced internal 
extensional forces. 

The sub-division of the analysis as described above 
is for convenience only. The relative importance of the 
two systems will depend on many factors including the 
type of stairs, the thickness of the slab elements in 
relation to the planar dimensions and the relative 
stiffnesses of the external restraints. It is seldom 
possible to make an accurate assessment of all these 
factors but as will be explained later, great accuracy 
is not required. 

The analytical procedure can be summarised as 
follows :— 
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(a) Ascertain whether the conditions necessary for a 
primary system to function are present and 
determine the type of primary system and the 
effective ‘supports’ provided thereby to the 
secondary bending force system and any local 
direct forces that will result from any applied 
loading acting at an inclination to the axis of 
any member. 


(b) Provide imaginary external restraints at the 
above-mentioned ‘supports’ so as to prevent 
displacement but allowing free rotation. 


(c) Determine the magnitude of the secondary 
bending forces and local direct forces acting in the 
members due to the applied loading. 


(d) Determine the resultant reactions on the imagi- 
nary ‘ supports’. 


(e) Determine the magnitude of the forces in the 
primary system due to forces equal but opposite 
to these reactions. The actual stresses induced 
will be due to the combined effect of the forces 
acting in both systems. 


Case l -—— 


Consider the stairs shown diagrammatically in 
Fig. 1(a). This is a simple case of a triangular arch and 
will serve well as an illustration of the method of 
analysis. The conditions necessary for a complete 
primary system to function are present. For the 
purposes of explanation an applied line loading acting 
as shown will be considered. Any other loading could 
be dealt with in a similar manner. 
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fig. {(k), 


fig. 4(h). 


In addition to the supports AB and EF the inter- 
section line CD acts as a ‘support’ to the secondary 
bending force system. The actual bending forces will 
depend on the conditions of restraint at AB and EF and 
can be determined approximately by methods similar 
to those used in normal practice for the analysis of 
continuous slab systems. 

For the bending forces and local direct forces shown 
in Figs. 1(b) to 1(d) the resultant reaction Rgqgp at CD 
acting at anangle @ with the vertical will consist of three 
components as shown in Fig. 1(e), viz. :— 

cos 
(i) Recep = (wbx — [Mop — M3) _— 
due to the bending forces in the flight and acting 
at an angle 9 with the vertical. 
— [Mop — Maury! 


a 


(ii) A vertical reaction Rygp = 


due to the bending forces in the landing and 


Dyep — = sin 0 
due to the local direct force in the flight. 
Consequently the extensional force in the landing 
RE icp => REvrr [see Fig. 1(f)]. 
= — Rgop (stn B + cos B . cot 0) 
(Tensile forces are assumed to be positive). 
If Mop — May = 0 then 6 = 0 and the resultant 
reaction will act vertically and will be equal to 
b Mop—M 
Ney ie Sop gel (8 = 0) 


(iii) a reaction 
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The extensional forces in the flight (including the local 
direct forces) are :— 


; cos 6 2 wbx. % 
RE FCD = Recp : sin 0 + me SIN 7) 


and 
cosB wb (J —x) 
sin 0 l 


(See notation on page 163). 


Neglecting edge effects the extensional forces per 
unit width or the stresses can be determined approxi- 
mately. In this particular case the extensional forces 
will be uniformly distributed across the width as shown 
in Fig. 1(g). 

For a non-uniform loading the distribution of the 
resultant reaction Rgcp at CD may also be non- 
uniform and non-linear as shown in Fig. 1(h). 

In such a case the shape of the extensional stress 
distribution in the landing slab and stair flight at the 
intersection line CD will actually approximate to that 
of the reaction Rgcp. It is, however, sufficiently 
accurate to assume that the Bernouilli-Euler straight 
line stress distribution is applicable. In comparison 
with the bending stresses, the extensional stresses are 
in most cases small so that a considerable error in the 
analysis may not affect the final value significantly. As 
a result of the above assumptions there may be un- 
balanced forces acting at the intersection line CD. 
Although the effect of these forces is usually negligible 
some allowance should be made in the case of heavy 
concentrated loads acting at or near the line CD. 

Although a precise solution of this problem is not 
possible by simple methods, it can be dealt with as 
described below. 

For a distribution of the resultant reactions due to 
bending forces at CD as shown in Fig. 1(k), the un- 
balanced forces will be as shown shaded. These 
unbalanced forces will be resisted by a combination of 
extensional and bending forces. For a case like this 
where the intersection line CD is continuous over the 
full width, the extensional forces will resist almost the 
total of the unbalanced forces and the secondary 
bending forces can be safely neglected. The unbalanced 
extensional forces therefore have to be ‘ dissipated ’ 
through a certain length of slab which procedure will 
give a distribution. of stress approximating more 
closely to the actual. 

This problem is not unlike that of the deep beam. 
An approximate solution can be found by assuming 
the dissipation of the unbalanced forces to occur over a 
length equal to 6. The stress produced thereby can 
be determined by the approximate method suggested 
by Magnel for end blocks in prestressed concrete beams 
wherein he assumed a 45° spread of direct forces and 
that the stress diagram due to the bending moment 
acting in the plane of the slabs is a parabola of the 
third degree, the stress being zero at a distance 6 from 
CD. It will very rarely be necessary in practice to 
make any allowance for this effect. 

If the resultant RB op acts at a distance ‘e’ off the 
centre line of the flight the extensional force in the 
landing at C, assuming tensile forces to be positive will 
be 


Etc = + et +) 


___ Recon (sim B + cos B. cot 0) 6e 
a taek - 


RE’ pap — Rgcp sin 6 


and at D will be 
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_ Racy (simB + cos B. cot 0) ee: Ge 
e b b 
and similarly for the other forces. 


Any movement of the supports AB and EF will 

cause CD to deflect and will therefore affect the magni- 
tudes of the bending forces which in turn will determine 
the magnitude of the extensional forces. Provided the 
characteristics of the supports are known the resultant 
internal forces could be calculated but this would 
involve more work than is justified for such a small 
structure. A conservative estimate could however be 
made by covering the range of possible solutions. The 
problem is not unlike that of normal plane slabs 
supported on beams, walls and columns where a 
considerable relative deflection of supports may occur— 
an everyday problem for the practising designer. 
Bearing in mind the latest developments of the plastic 
and ultimate load or loadfactor methods of design any 
errors involved in the above procedure cannot be 
serious. 
_ Any type of loading on the stairs e.g. partially 
distributed loading or point and line loads such as a 
balustrade wall along the outer edges, could be treated 
in a similar manner, the only complication being the 
calculation of the bending forces which is in no way 
different to the problems arising in the design of slabs 
supported on walls or beams. 


Fig. 2(b) Extensional Pree 
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In determining the internal forces the stairs can be 
considered to be of a homogenous isotropic material, 
as is common practice in the design of shell roofs and 
similar structures, and the steel reinforcement there- 
after positioned so as to resist all tensile forces in 
accordance with normal reinforced concrete design 
practice. 


Case Li = 


The stairs shown diagrammatically in Fig. 2(a) and 
consisting of acantilever landing slab and a single flight 
rigidly supported at the lower end also complies with 
the conditions necessary for a complete primary 
system to act. The primary system which is shown 
in Fig. 2(b) provides full support to the bending forces 
at the intersection line CD. The bending forces and 
local extensional forces are consequently calculated by 
the normal procedures considering the slab elements to 
be continuous and to be supported at AB, CD and EF. 


As in Case I the resultant reaction R64p at CD will 
consist of various components depending on the 
loading and may act at an angle § with the vertical 
and at an eccentricity ‘e’ off the centre line of the 
flight. 

If Dycp is the local extensional force in the flight due 
to the loading on the flight calculated as in Case I then 
the resultant extensional force in the flight at CD 


RE'yop = REpon + Deon 
where 
cos 
REyop = — Reop 
and the resultant extensional force in the landing at CD 


RE yep = — Recp (sinB + cos. cot 0) 
As for Case I the force distribution can be assumed 


to be linear. 


Consequently :— 
Ego = | Ren so (1 _ =), per unit width 
and 


*) | 
of [Pros C ; oe )| per unit width 


where e’ is the eccentricity of Dpcp 


cosB 6e 
yp = = | Recn b sind ( mee se) | 

: cos 6e 
Espa | Rong 8 (1 =))\ 
ah | Pee ( sks ) | per unit width 


per unit width 


per unit width 


Eyp = + Beeb — -| per unit width 


Considering the equilibrium of the flight 


cosB 


REvap a RExop — Rg cD 3in0 


E cos 
RE’ yap — RE’ yop —— Wy sind ——— Rg cD ead 


+ Drop — Wy sind 
(where Wy is the total load on the flight). 
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where e’’ is the eccentricity of the resultant of W, 
and e’” is the eccentricity of the local direct force Dyyp 


per unit width 


per unit width 


per unit width 


A D 6e"”" Nein 
EB ya = Loe re (1 + _ ) per unit width 
Considering the equilibrium of the landing :— 
San rn Nias REzecp 
) 6 b e 
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per unit width 
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per unit width 
Case II (b) :-— 
If the one edge of the flight (BD) were to be built into 
a wall an additional resistance in the form of a shear 
force Spp would act along the edge of the flight. Due 
to the additional support along the edge, the flight 
could be considered as a slab supported on three edges 
when determining the bending forces. 


Considering the equilibrium of the flight for this 
case :— 
q RE’ yap = RE’ pop —— Wy sin a Si aD 
1.e. 
S’pp — RE’ pan = — RE’ pop + Wy: sind 
1.e. 
S’ap = Ks (— RE' yop ae Wy sin®) 
and 
ae RE' yap = (1 Ks) ( RE’ gop oa W pp sin9) 
where K, cannot be determined by simple methods. A 
conservative estimate can however be made. 


Case III :— 

The staircase shown in Fig. 3(a) is of the ‘ scissors ’ 
type being supported at the main landings only. The 
primary system for this case can never be complete and 
is statically indeterminate. 

The easiest approach in solving this case is to com- 
mence by determining the resultants at the intersection 
lines of the slab elements due to the bending forces and 
then to draw imaginary straight lines (within the planes 
of the slab elements) from these resultants to the most 
rigid supports. The resultant extensional forces will 
always tend to flow directly towards the most rigid 
supports. Ifa set of such direct extensional forces is 
in complete equilibrium, the primary system may be 
said to be complete. If, however, equilibrium does not 
exist, certain types may attain full equilibrium with the 
assistance of bending forces set up by deformation of 
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the slab elements. The primary system may then be 
said to be incomplete. The deformation of the structure 
due to extensional forces 1s small compared to such 
bending deformation and may be neglected. 

The case under consideration is clearly not in 
equilibrium under the primary system assumed and 
would require an additional force ‘H’ acting as shown 
and equal to 

‘A’ = RE" yey Stnag — RE" gop Snag 


also :— 
— (RE" pou COS «2 cos82) — (RE pop cos ay cos8y) 
= Reou Sin ic} 
(RE yey cosa, sinBe) — (RE pop cosa, sin§y) 
= Rgcu cosh 


(See Fig. 3(b)). 
from which ‘H’ canbe determined. 

As ‘H’ is an imaginary force the final solution can 
now be obtained by applying a force equal in magnitude 
to ‘H’ but acting in the opposite direction. This will 
cause the stairs to undergo a sidesway. This will be 
resisted by extensional and bending forces in the slab 
elements causing a displacement of the resultant 
extensional forces until full equilibrium is attained. 

This can only occur when the resultant extensional 
forces in the two flights act in the same vertical plane 
so as to have no resultant component in the direction 
of ‘H’. The resultant at A will move towards B and the 
resultant at K will move towards J thus causing 
bending in the main landings. Assuming that the 
deformations due to extensional forces are negligible 
in comparison with those due to bending of the main 
landings, the displacement of these resultants X4, 
and Xj, (Fig. 3(c)) will depend primarily on the 
stiffness of the edges of the main landings ina direction 
coinciding with the planes of the flights. 

If, for example, the upper landing has negligible 
stiffness compared with the lower landing Xj, =[0 
and Xap —= ES 


The Structural Engineer 


If the landings and flights are identical 
Xyx = X43 = a 


and the resultant forces will act at midspan of the main 
landings. For intermediate cases a precise calculation 
would be complex but here again an estimate can be 
made. 

The extensional stresses in the flights and landings 
can now be calculated by a similar procedure as for 
Case II. 

Bending forces will be caused by the loads spanning 
between the ‘ supports’ as well as by the unbalanced 
components of the extensional forces and bending 
shear forces acting at the main landings and along the 
intersection line CH of the intermediate landing. 

Consider the line CH. The unbalanced forces acting 
on the intermediate landing edge will be as shown in 
Fig. 3(d). 

The unbalanced vertical forces indicated are as a 
result of the assumption made that the straight line 
stress distribution applies. The effect hereof is usually 
negligible but in extreme cases could be dealt with as 
described previously. The unbalanced forces acting in 
the plane of the lower flight will be resisted primarily 
by extensional forces in the intermediate landing and 
the flights along CD and GH but between D and G 
considerable bending forces will be induced. The 
shear forces and bending momen‘s acting in the plane 
of the lower flight are shown in Figs. 3(e) and 3(f). 
Bending forces will be induced along the edge DG of 
the intermediate landing by the vertical components 
of these forces, whereas the horizontal components will 
induce extensional forces. In a case such as this where 
the primary system is incomplete care should be taken 
as the straight line stress distribution may be erroneous 
by a considerable amount. As the bending stiffness of 
the landing is relatively small the force components 
resisted by bending forces cannot be distributed for the 
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full width of the lower flight and consequently a con- 
centration of stress at the inner edge will result. Some 
allowance should be made for this effect. In most 
cases in practice the stresses as calculated can be more 
than doubled without greatly influencing the design. In 
the case of opposite loading where tensile forces are in- 
volved the reinforcement can be concentrated at the 
inner edge of the upper flight. 

Torsional stiffness apart from resisting local forces 
is not essential for the stability of this type of stairs. 
In stairs having considerable torsional stiffness a 
different force distribution will result. Torsion in 
slab elements has been fully dealt with by various 
Authors‘. In stairs of normal dimensions the torsional 
stiffness of the slab elements is relatively small and can 
be neglected for the sake of simplicity. 

Any loading on the stairs can be treated in a similar 
manner. For a symmetrical stairs with a uniformly 
distributed loading the resultant extensional forces 
(or primary system) will act in a plane on the centre 
line of the stairs. The unbalanced resultant forces 
acting at the midspans of the main landings will be 
resisted by bending forces in combination with secon- 
dary extensional forces. Although the stair flights and 
intermediate landing slab can be relatively thin the 
main landings will have to be capable of supporting in 
effect the total weight of the stairs at midspan. 


The extensional forces acting at the lines of inter- 
section of the slab elements ina stairway of this type with 
a uniformly applied distributed load is shown in 
Fig.3(g) (). 

61 and 2 will in most cases be small and the re- 
actions at the intersection lines can for simplicity be 
considered to act vertically. 
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mM, = M2 = [Ao an how sa (: oo ‘| ; = mM 


mb 

REyop Ss RE vou = rT 
mb wy lb sinO 
REtyop = — RE" yon = — a + a 


The magnitudes of the extensional forces are as 
follows :— 


RE 
By, = + Spee | 


b 


m [: 3 (b +c) 
b 


3% Hi 


| per unit width 


per unit width 


3 
= us [: r ae | per unit width 


sin) b 
E’'yp = + Epp — wil ue per unit width 
Lsin0 SS ap aa 
Eyo= Ey, and E' po = Egot oe oan per unit width 
wl sin§ 


Egp = Eppand E' pp = Egy per unit width 


Apacs [eee ee 


2 


per unit width 


tan0 b 

ia m 3(b + c) : Bye 
Ey = — janbd E tts b | per unit width 
Ete =— Exp and Ex =— Etc per unit width 
Eyg = — Epp and Egy = — Ege per unit width 

w1hsin® . wl sinO 

E'yq = Eve — and E’py = Eyy — =5 

per unit width 
Ey; = — Egg and E'px = — Epa per unit width 

wl sin0 wl sin8 


E’py = Ey + 5} and Eyx = E’rx + 2 


per unit width 


The unbalanced resultants of the primary extensional 
forces along CH act in this case in a vertical plane and 
are shown in Fig. 3 (h) (i). 

The shear forces and bending moments due to these 
forces are shown in Fig. 3 (h) (ii) and (iii). 

By similar methods the bending and extensional 
forces at any section can be determined. 

Note that the assumption has been made that the 
vertical reaction of the bending shear forces at CH is 
uniformly distributed. This is a conservative assump- 
tion as the load concentration will actually be higher 
towards D and G, thereby causing smaller bending 
moments on CH. 


Ease’ FV 

The staircase shown in Fig. 4 is similar to Case III 
with the exception that the end of the intermediate 
landing is restrained horizontally and vertically as 
shown. The extensional forces for any loading can be 
determined by a similar procedure. If the wall sup- 
porting the landing is relatively ‘ rigid’ in comparison 
with the vertical bending stiffness of the main landings 
the moments caused by sidesway will be resisted within 
the flights and intermediate landing by extensional 
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and bending forces, the result being a ‘ shift’ of the 
resultant extensional forces as shown. 
Recp is determined from the bending forces. 


Stai~ dimensions 


for fig. B(a). 


as 


Fig. 4 


Considering the equilibrium of the intermediate 
landing :— 
Racp. cos8 =— REgep. cosa, sini . 

+ REven. cosas. sinOe".  . nt 

REtocu + Reep: sinB = — REtcp 
where 

REtcu = RExgu: COS &2. cos0s ( 

REtcp = RExcp. COS Hy. cos0y ; . A ( 
Spr = Scu — Scop . . . . . . . ( 
where 

Scu = REgegu. sinae 5; ( 

Sop = — REgep. sina eiess ( 
REigu- Xou = RExecp. Xop = Srr: a c F ( 
REgen COS. sinOe. Xey + REpop. cosaising. X op = 


b+c—e—Xey 


© 
—_- — 


. LAN KE 


= 
S 


~ cose 


+e—Xop = . tanay. tee ae ede E 


cos0y 

The internal extensional forces can consequently be 
determined. 

The secondary extensional and bending forces can be 
determined as before. 

If the wall supporting the intermediate landing is 
not ‘rigid’ the solution will be somewhere between 
that of Cases III and IV. 
Case V :— 

If the intermediate landing is alse restrained at the 
two sides CE and FH as shown in Fig. 5, complete 
equilibrium can be attained by the set of extensional 
forces shown which can be determined as before by 
simple equilibrium equations, 

If the wall restraints are not ‘ rigid’ the solution will 
be somewhere between that of Cases III and V, 
depending on the relative stiffnesses. 

Note that loads applied to the main landings will 
also be supported by the extensional force system in 
this particular case as the points C and H are restrained 
against deflection by the wall supports. 
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Complex Primary Systems :— 

In stairs having one or more redundant restraints 
two or more primary systems may operate conjointly. 
It is usually possible to make a reasonable estimate of 
the distribution of the load between such systems based 
on the estimated relative stiffnesses. As the stresses are 
usually small it is not necessary to achieve great 
accuracy therein. It is furthermore suggested that the 
following propositions may be an additional justifi- 
cation for this approach to the problem. 

1. If any slab type stairs or similar structure in which 
the slab thicknessis small compared with the overall dimen- 
sions 1s subjected to an applied load or set of loads any 
stable primary system or set of systems, as defined pre- 
viously, may be selected and provided that the sum of the 
stresses induced in the component parts by the primary 
forces and the secondary bending forces for such a system 
are not in excess of ultimate stresses or do not cause 
instability, then such a primary system or some other 
primary system, able to sustain an equal or greater 
loading, will operate effectively before fatlure occurs. 

This proposition is analogous to the load factor 
method used in the design of beams and frames. It is 
based on the assumption that if for any particular 
loading the actual stresses at a point in the structure 
exceed that given by the analysis based on the assumed 
system, then before the ultimate load resistance is at- 
tained the systems will alter so as to accommodate the 
forces acting, much in the same way that moment 
redistribution occurs in frames. 

2. The correct solution 1s that system or set of systems 
for which the total internal strain energy is a minimum. 
The total strain energy will be-a minimum when the 
strain energy due to bending forces is a minimum or in 
other words the correct solution is that which, provided 
that stability 1s achieved, causes a minimum of bending in 
the slab elements. 

This proposition is precisely true only for a structure 
in which the thickness of the slab elements is very small 
compared with the planar dimensions. It will, however, 
be approximately true for most cases occurring in 
practice. 

The application of the Method in practice :— It must 
be emphasized that this method of analysis cannot be 
applied indiscriminately to all types of structures as the 
errors inherent in the assumptions made may be 
significant in certain cases. For stairs of the normal 
dimensions dictated by practical considerations the 
extensional stresses are, however, small compared with 
the bending stresses, so that even if a considerable error 
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is made it will not necessarily affect the value of the 
total stresses by very much. The analysis of the 
extensional stresses within the slab elements after the 
determination of the stresses or forces at the boundaries 
(intersection lines or supports) can be based on the 
same assumptions. 

In actual fact the problem is not unlike the deep 
girder problem, the solution of which is difficult. In 
certain obvious cases much can be accomplished by 
intuitive ‘ scientific guessing ’ based on known results. 

It is essential that the external supports to the 
internal extensional forces should be sufficiently rigid as 
a small horizontal displacement may cause considerable 
vertical deflection of the ‘Supports’ at the lines of 
intersection of the slab elements depending on the 
proportions of the stairs. 

Where the external supports are relatively rigid 
(i.e. floor slabs with many restraints) the deflection of 
the ‘ supports’ are, however, negligible. In some cases 
where the external restraints are not rigid or where 
doubt as to the efficacy of these restraints may exist, 
it may be possible to make an estimate of the forces 
acting and an approximate determination of the 
resultant deflections. The effect of the deflection of the 
‘supports ’ provided by the primary system may then 
be allowed for in the determination of the bending 
forces. In this determination great accuracy is not 
required if we bear in mind the latest developments of 
the plastic and ultimate-load or load-factor methods of 
design in which a considerable re-distribution of bending 
moments is allowed. It is no less difficult to make an 
accurate determination of actual bending moments in 
floor slabs supported on beams especially where the 
beams are relatively light and subject to considerable 
deflection. 

Although tests have indicated that the restraint 
provided by brickwork can be considerable, it is to a 
large extent an unknown factor bearing in mind the 
possibility of a shrinkage ‘gap’ between concrete and 
brickwork and the variable properties of brickwork. 
Precautions should be taken to ensure positive support 
where brickwork is used to provide external restraint. 
Where the extensional forces are small in magnitude 
frictional forces may, however, provide sufficient 
resistance. 

The fire escape stairs illustrated in Fig. 6 have been 
designed for a block of flats to be constructed near 
Cape Town and the photograph (Fig. 7) shows another 
type in a building in Oudtshoorn, which is typical of 
several stairways constructed with complete success. 
The brick wall to the right is a boundary wall and the 
intermediate landing is not cantilevered from it, but 
is supported by the flights. 


Notation 
RGop —is the resultant reaction due to the secon- 
dary bending force system and local direct 
forces acting at the intersection line CD at 
an angle 6 with the vertical. 


Ryop — is the reaction at CD due to the bending 
forces in the flight acting at right angles to 
the flight. 

Ricp —is the reaction at CD due to the bending 


forces in the landing acting at right angles 
to the landing. 

Dyop —is the reaction at CD due to the local direct 
forces in the flight acting in the plane of the 
flight. 

REyop —is the resultant extensional force in the 
flight at CD due to the reaction RBgp but 
not including the effect of the local direct 
forces in the flight. 
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RE'pop —is the resultant extensional force in the 
flight at CD due to the reaction R®gp and 
including the effect of the local direct forces 
in the flight. 

REycp —is the resultant extensional force in the 
landing at CD. 

Exc —is the extensional force per unit length in the 
flight at C not including the local direct 
force. 

E'yo —is the extensional force per unit length in 
the flight at C including the local direct 
force. 

Exc —is the extensional force per unit length in the 
landing at C. 

Sop —is the shear force acting along the inter- 
section line CD due to the primary force 
system but not including the effect of local 
direct forces. 

S’op —is the shear force acting along the inter- 
section line CD due to the primary force 
system and including the effect of local 
direct forces. 
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Concrete Publications 


Discussion 


The Council would be glad to consider the publication 
of correspondence in connection with the above paper. 
Communications on this subject intended for publication 
should be forwarded to reach the Institution by 30th 
July 1960. 


Book Reviews 


Handbook of Heavy Construction, edited by F. W. 
Stubbs. (New York and London : McGraw-Hill, 1959). 
9in. x 6in., 1040 pp., £7 3s. 6d. 


This American handbook gives the methods, data 
and working information required in all branches of 
heavy construction. The contributing authors are 
specialists in their respective fields, each with con- 
siderable experience, and collectively they represent 
active contractors, manufacturers, distributors and 
consulting engineers. 


The book is divided into nine sections, the first 
dealing with excavation and transportation of earth 
and rock, and including a section on dewatering. The 
second section on concrete has chapters on selection 
of materials and mix proportions, aggregates, concrete 
batching, mixing, placing and curing, pneumatically 
applied concrete, instrusion grouting, precast and 
prestressed concrete, reinforcing steel and formwork. 


Section 3, dealing with steel, has chapters on steel 
erection, electric arc-welding and flame cutting and 
welding, and the following three sections are on heavy 
timber construction, bituminous pavements and cross 
country pipelines. Section 7 on foundations deals with 
piles and pile driving, cofferdams and caissons, and 
the following section on miscellaneous equipment 
and operations, includes floating equipment and 
river diversion. The volume concludes with chapters 
on contractor’s organization and planning, the work 
of a resident engineer, construction contracts, and 
planning for safety. 


In addition to being a comprehensive work of 
reference for contractors, this handbook will also be 
of value to consulting engineers, designers, architects 
and to students wishing to obtain information on the 


subjects covered. The volume is well produced and 
contains more than six hundred illustrations. 


Analysis of Continuous Beam Bridges, Vol. 1, Carry- 
Over Procedure, by J. J. Tuma, S. E. French and 
T. I. Lassley (Oklahoma State University School of 
Civil Engineering Research Publication No. 3, 1959). 
1lin. x 8} in. 

This report, which is the first publication in a 
series entitled ‘‘ Analysis of Continuous Beam Bridges,” 
deals with the application of the numerical carry-over 
moment method to the analysis of continuous beam 
bridges subjected to stationary or moving loads, 
applied couples, displacements of supports or change 
in temperature. The method is a numerical successive 
approximation, which may be carried out to a desired 
degree of accuracy. The study is restricted to co- 
planar systems and the customary assumptions of 
beam analysis are introduced. 

The publication is divided into six parts. The 
derivation of the general three moment equation for 
beams of variable section and the definitions of the 
beam constants are given in the first chapter. The 
geometry and the integral functions of beams with 
parabolic haunches are discussed in the second chapter. 
The algebraic formulae of beam constants such as 
angular flexibilities, carry-over values and _ load 
functions for beams mentioned before are derived 
in the third and fourth chapters. The numerical 
evaluation of these algebraic formulae is made by 
means of a high speed computer and the results 
recorded in tabular form in the fifth chapter. The 
application of the numerical carry-over procedure in 
connection with the tables of beam constants is 
illustrated by two examples in the last chapter. 
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The Design and Construction of the New 
Basic-Bessemer Plant at Port Talbot * 


Discussion on the Paper by J. W. P. Jaffe, M.A., (Cantab.), A.M.I.Struct.E., A.M.I.C.E. 


THE PRESIDENT introduced the Author, who then 
gave a precis of his paper, illustrating it with a series 
of diagrams and photographs on the screen. 

The PRESIDENT, complimenting Mr. Jaffé on his 
paper, which was extremely well set out and clear, 
expressed the thanks of the Institution to him for 
having presented it, for the exposition of it he had 
given at the meeting and for the very good pictures he 
had shown to illustrate the structure described. 

It might well be borne in mind by any of the audience 
who contemplated giving papers to the Institution in 
the future that it was a good thing to make slides in 
colour, for they added a good deal to the presentation 
of Mr. Jaffé’s paper ; they were very good pictures and 
they showed the cleanness of the structure in general. 


Discussion 

Mr. S. M. REISSER (Member) called attention to 
the author’s statement on p. 289, under the heading 
“ High Strength Pre-Stressed Bolts,” that these bolts 
were used in all connections subject to tensile and 
fatigue loading, where welding was unsuitable. He 
asked why welding could not be used in the portal caps. 

Mr. R. F. GODMAN (Member) asked if the author 
had considered increasing the stress in the grip bolts 
beyond the minimum specified yield stress. Another 
question was that where a connection could not be 
completely made at once if, for instance, a period of a 
few weeks or even a few months elapsed before the 
bolts were tightened up, did he find any trouble with 
rust formation lowering the value of p. The value 
specified for p of 0-4 was quite a high one. 

Also were the bolts parallel shank or waisted ? And 
how was specified ‘ turn of nut ’ measured ? 

Mr. B. L. CLarK (Member) commented that Mr. 
Jaffé seemed to have implied that structural engineers 
did not know much about steelworks and the require- 
ments of steel works processes, and said he did not know 
if this was so. Some of them knew quite a good deal 
about cranes and about the plant in steelworks. He 
believed that failures which had occurred had been 
mechanical ones, principally on cranes where the client 
had not had his requirements sufficiently known, or 
where attempts had been made to lighten them beyond 
the limit which time had proved expedient. 

There had been many wheel troubles for which the 
crane makers were to some extent responsible since 
they had not appreciated that a steel structure was 
elastic and there must be considerable margins of 
reserve strength and clearances. 

Frequently one heard reference to making lighter 
cranes by using higher strength materials. Mr. Clark, 
however, urged it was dangerous, and in the long run 
uneconomic, to make cranes light simply on the basis 
of stress requirements, because in many instances the load 
lifted could overpower the girder or crane as a whole. 

It was a most important feature in any structure in 
which machinery was used—and especially cranes 


* Read before the Institution of Structural Engineers at 11, Upper 
Belgrave Street, London, S.W.1., on the 22nd October, 1959. 
Mr. L. E. Kent, B.Sc., M.I.Struct.E., M.I.C.E. (President) in the 
Chair. Published in ‘“‘ The Structural Engineer,’ Vol. XXX VII, 
No. 10, pp. 282-291 (Oct. 1959). : 


where demands for high speed and positive control 
were experienced—that there must be ample inertia 
at self weight in all the motions. 

Mr. GODMAN having seen steelwork cranes and the 
terrific usage of them agreed with Mr. Clark that there 
should be no attempt to produce light structures for 
these. 

Mr. L. R. Knott (Associate-Member) asked if the 
Author would elaborate on his statement on p. 286, in 
the paragraph immediately above the heading ‘ Crane 
Girders,’ that the bending moment analysis was carried 
out in a conventional.manner and checked by means 
of a computer. He also asked whether anything 
interesting came out of that. 

Mr. F. R. BULLEN (Vice-President), referring to the 
author’s special detail of rail fixing (Fig. 7), asked 
whether the crane rail arrangements described in the 
paper had proved satisfactory in use. 

He was also interested in the surge linkage (Fig. 4) 
and asked for some more information about it. It 
seemed to him quite a new idea, although his firm had 
in fact used something similar, but not the same in 
detail. He did not quite follow the argument in the 
paper, not because it was not well put, but because he 
had not studied it in detail. 

Mr. Bullen had some sympathy with the view 
expressed by Mr. Clark and Mr. Godman that we must 
not reduce too far the weights of steel used. It was not 
just a question of reducing the weight of steel, but of 
reducing cost, and that was not always the same thing 
as reducing the weight of steel. Mr. Jaffé had given 
some figures, and if he could give any in terms of 
(say) lb. per cu. ft. it would be helpful. 

Endorsing the President’s remarks about the quality 
of the paper and the slides by means of which it was 
illustrated, he said that, whilst he would have liked 
to have seen a few more details, because they were 
always useful, particularly to students, as well as to 
older members of the Institution, he must agree that 
the paper was well produced and the diagrams were 
well worth studying. As the President had indicated, 
it might well serve as a model for other papers. 

Finally, in a reference to the layout plan in Fig. 1, 
he said there were figures from 1 to 13 in single circles 
and others up to 18 and the letters TF, TE, and so on, 
in double circles. He asked if those symbols could be 
explained. 

Mr. J. Hinton (Associate-Member) recalled that he 
had been concerned with Messrs. Simon-Carves at 
Abbey Works on the coke-oven foundations and said 
they had run into trouble due to settlement of the 
heavy slag fill carrying some of the piles down ; there 
was some 15 or 20 ft. of fill. He asked if anything like 
that had occurred at the new works described in the 
paper. 

Mr. L. E. WARD (Member), inviting Mr. Jaffé to 
say a little more about the roof plates, said that the 
plate thickness of g4 inch seemed to be rather thick for 
a spacing of 3 ft. 1} in. 

Mr. B. C. Brrp (Associate-Member) observed that 
it was not quite clear from the cross section what type 
of bases were used under the building stanchions. They 
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were apparently the usual Abbey dustbin foundations, 
and Mr. Bird wondered whether Mr. Jaffé would care to 
confirm this. 

Mr. O. Bonpy (Member) said he was reluctant to 
ask questions because he had not had time to give the 
paper the amount of study it certainly deserved. But 
remarks by earlier speakers led him to ask a supple- 
mentary question regarding Fig. 3. It had been asked 
whether it was necessary to make the roof plates 7 
inch thick. His own query was, if that thickness were 
necessary, why a 7 inch leg size used for the 
continuous sealing weld along the upper layer of 
plates? Were there any stresses transmitted, perhaps 
due to wind suction ? 

Under the heading ‘ Welding ’ on page 289 there was 
reference to the use of electrodes having a Class No. 6 
covering to B.S.1719. He asked if he were right in 
thinking that these electrodes were of the low hydrogen 
type. 

Concerning the testing of butt welds in the crane 
girder flanges, he said that ultrasonic examination was 
specifically mentioned, and he asked if that followed 
the regular radiographic examination. 

Mr. B. L. CLARK asked whether any observations had 
been made on the crane rails since they were put into 
service, and whether rubber pads under the rails had 
proved to be of benefit to the crane over a long term. 

It was undeniable that the rubber pads considerably 
reduced impact, but here again if crane girders had 
excess of material in self weight, time had proved that 
they were more serviceable and had a greater margin 
to absorb impact. 

He would like to know how the rubber behaved, 
whether in fact fretting had been experienced and how 
far it had helped the efficient operation of the crane. 

THE PRESIDENT pointed to the statement, in item 
seven on page 283, which referred to an office block 
of reinforced concrete construction sited west of the 
mixer bay. That seemed a little interesting to him. 

Another statement to which he drew attention, in 
the second paragraph in the second column of the same 
page, was: “...it was decided to adhere throughout 
to the stanchion spacing of 50 ft. dictated by the 
plant. This dimension also represents the longest 
length of crane girder which can be fabricated without 
introducing splices in the flange and web plates.” The 
President thought there was an Abbey Works tradition 
in this particular matter and, if they did use splices in 
the flanges of the crane girder, perhaps that tradition 
was not carried out in this particular building. 

From the fourth paragraph in the same column he 
noted that only one expansion joint in the crane 
girders, on line 10, was provided in the length of the 
building, which gave something of the order of 300 ft. 
plus on either side of the central line of the building. 
He wondered if Mr. Jaffé had a note of any movement 
in either of those 300 ft. lengths 

The President joined Mr. Bullen in asking for 
additional information concerning the surge linkage, 
illustrated in Fig. 4. 

Lastly, he said he did not understand the statement, 
in the last paragraph of page 286, that: “It was 
found that to join the adjacent girders together 
rigidly with surge bracing would lead to impossibly large 
forces in the bracing members when only one girder 
was loaded.” He asked for more information about that 
statement. , 

Mr. JAFFE replied to the discussion. 

Dealing first with Mr. Reisser’s question as to where 
high strength pre-stressed bolts were preferred to 
welding, he said a lot of these bolts were used in con- 
necting the telpher runway hangers to the supporting 
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structure. Slotted holes had been provided so that the 
running rail could be lined and levelled after erection. 
The firm who supplied the telpher cars had suggested 
that the slotted holes be finally welded up, but it 
appeared better to make use of high strength bolts to 
prevent movement. They were also used in places 
where metal spray would have been destroyed by 
welding. 

Replying to Mr. Godman he said that of the high 
strength bolts used in the basic-Bessemer plant the 
long crane girder holding-down bolts were waisted and 
the short ones in the telpher supporting structure were 
not. They were all used under cover and, probably 
because of this, no cases of rusting had been noticed 
between the time of erection, when black bolts were 
used, and the time when the high-strength bolts were 
inserted and pre-stressed. 

The method of tightening was designed to ensure 
that the bolts yielded and, so far as he knew, that 
always took place. 

Concerning the weights of cranes, referred to by 
Mr. Clark, Mr. Jaffe’s point was that the crane maker 
was well aware of fatigue life, but his only counter was 
to reduce the working stresses by putting up the weight 
of the crane. He was forced to do so because he could 
not, under the usual system of tendering, afford to 
quote a price based on the use of notch ductile steels. 
Consequently he tended to put forward a crane which 
was unnecessarily heavy. The trouble was that the 
designer of a building and the crane maker never got 
together and looked at the job as a whole. It was 
neither the cheapest building nor the cheapest crane 
that was wanted, but the cheapest combination of 
building and crane, and a lot remained to be done to 
bring this about. 

As to the running qualities of the crane on the rubber 
mounted crane rail, experience at the Steel Company 
of Wales’ plants had been very good. Although the 
Bessemer plant had not been operated for long enough 
to be conclusive, the same method of rail fixing at the 
cold reduction plant at Velindre, which had been in 
commission for a number of years, had given excellent 
results and there was no reason to modify anything 
that had been used there. The cranes were almost 
noiseless in operation. 

The question was raised by Mr. Knott as to whether 
anything interesting came out of the computer analysis. 
Mr. Jaffé supposed that the answer was no, as the 
computer confirmed their design to within 3 per cent. 

He went on to say that the computer was not in 
this instance used to the best advantage, for they had 
used it only as a means of checking the bending moment 
analysis carried out by moment distribution. The 
computer was, of course, a powerful tool and could be 
used to refine designs in a very short space of time. For 
a complicated design such as that at Port Talbot, it 
would take about a fortnight to get an answer by 
conventional methods and it was not usually possible 
to carry out more than two designs before sections had 
to be ordered from the mills. With the computer 
however, one could afford to check a number of designs 
and eventually arrive at the most economical solution. 

Replying to the request by Mr. Bullen and the 
President for more information concerning the surge 
linkages, he said the problem was that if two adjacent 
crane girders were braced together rigidly in a horizontal 
plane and one carried a vertically applied load, the 
fixed end moments imposed on the bracing members by 
the differential deflection would be very high indeed. 
Such a system of bracing was subject to fatigue loading 
and could not be employed with any degree of success. 
It had therefore been decided to use the linkage 
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shown in Fig. 4 in which shearing of the natural rubber 
insert enabled the outer tube to rotate in relation to the 
inner tube. This meant that one girder could deflect 
vertically in relation to the other without thereby 
stressing the linkage. In the basic-Bessemer plant the 
_ converter bay crane girder with its outrigger girder 
provided torsional and surge stiffness to the mixer bay 
crane girder. The linkage was a novel feature which 
the designers have introduced as a result of a series of 
trials. 

Dealing with Mr. Kent’s question as to whether there 
had been any settlement of the plant, he said as far 
as he was aware there was none. That might be due to 
the fact that there was virtually no floor loading in the 
greater part of the works. The only heavily loaded floor 
was that in the dolomite bay and that was piled. No 
settlement had been reported. 

The foundations followed the practice established at 
Abbey Works of solidly casting the stanchions into 
sockets. This presupposed that foundation movement 
would be of such small order that any adjustment that 
became necessary could be taken up at crane girder 
level. Some of the crane girders at Abbey Works had 
been in commission for upwards of ten years and he did 
not think there was a case, save in the open gantry 
slab yard, where the floor loading was exceptionally 
heavy, in which foundation movement had given rise 
to trouble. 

Mr. Jaffé was disappointed that the meeting had 
not raised the question of why the stanchion which 
supported the converter trunnion was wedge-shaped. 
The reason was that almost immediately below its 
foot there was a services tunnel and it had therefore 
been impossible to provide any end-fixity to this 
stanchion. They had had to make it pin ended and 
expressed this feature in the shape of the stanchion. 

The design of the roof plates was somewhat com- 
plicated by the fact that the Steel Company of Wales 
had talked of having a mechanical dust sweeper. He 
did not know quite what they had in mind, and he was 
not too sure that they did, and so the designers had 
played safe. They had assumed that a kind of mecha- 
nized lawn mower would sweep up the dust and 
designed the plate for a heavy point load. 

As to the stresses likely to occur on the roof, mentioned 
by Mr. Bondy, he said it was perhaps not obvious from 
the illustrations, but there was only sufficient angle 
bracing in the plane of the roof to square the building 
during erection. The roof plate was designed to take 
wind and expansion stresses, and the welds had to be 
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adequate to transmit these stresses. The roof became 
very hot in summer and cold in winter and they 
wanted to make sure that repeated temperature 
movement did not cause cracking of the welds. The 
welds were also required to seal the plates and to 
prevent corrosion where the high plates lapped over 
the low plates. 

Coming to the President’sremarks, Mr. Jaffé explained 
that the reason why he had made a point of saying that 
the office block was of reinforced concrete construction 
was that it was almost ‘ treasonable’ to put up this 
sort of structure on a steelworks site. But reinforced 
concrete construction was used, because steel could not 
have been obtained in time to meet the programme for 
this building. 

With regard to the point about splices in the crane 
girders he should have said that the 50 ft. girders 
which were fabricated in the shops could be made from 
single flange and web plates. On site the girders were 
welded up continuously, and there they had full 
strength butt welds. 

As to temperature movement, they had made use 
of the fact that the crane girders were high above the 
shop floor. As a result the temperature stresses at the 
base of the columns were low. There must have been 
quite a lot of expansion movement last summer, but 
they had provided an adequate expansion gap on line 
10 and, so far as he knew, it had proved satisfactory. 

Referring to Fig. 1, he explained the purpose of the 
single and double lines around the figures. Endorsing 
the view expressed during the discussion that the 
diagrams in the paper were very clear, he said that he 
felt able to do so because when they were prepared he 
was in Canada. He owed a debt of gratitude to his 
colleagues for adding the finishing touches to the paper 
when he was some 3,000 miles away. 

THE PRESIDENT, at the conclusion of the discussion, 
commented that for many years structural engineers 
had been seekers after quality and not necessarily 
quantity, and there was quality in the questions which 
had been put at the meeting ; there was quality, too, 
in the manner in which Mr. Jaffé had replied to them. 
He had evaded none of the questions and had given 
forthright answers to them all. The mecting’s thanks 
were due to him for the obviously able way in which he 
had done so. 


Corrigendum 


“ The Structural Engineer,” p. 290, col. 1, line 3. For 
2 per cent proof stress vead 0-2 per cent proof stress. 


Book Review 


A Testament, by Frank Lloyd Wright. (New York : 
Horizon Press. London: Architectural Press, 1957). 
12 in. X 941n., 256 pp. 70s. 

Divided into two books—‘‘ Autobiographical ’”’ and 
“The new architecture ’’—here is the outpouring of 
an architectural genius. His father a minister who 
loved and taught music, his mother a teacher who 
loved teaching, he undoubtedly inherited from them 
his love of learning, his love of art and his love of 
truth. Victor Hugo’s ‘‘ Notre Dame” read when he 
was a boy, also had a deep influence on his architectural 
development. a 

His first post with Adler and Sullivan wasa propitious 
one, and his long career creating organic architecture 
began. Whilst being thrilled with Mayan, Inca and 
Egyptian remains and loving the Byzantine, he felt 
he owed no debt to classical architecture, and the 


beaux-arts of Paris had no influence upon him. The 
Clhianacn Warld Bair nf 1202 filled him with dismav. 


because it set back organic architecture and gave a 
new lease of life to the classic. 

Reading through the book and studying the superb 
drawings and photographs of his works, one is awed by 
his single mindedness, his profound thinking and the 
prodigious amount of work he carried out. He was not 
diffident about his achievements, but was ever ready to 
tell how he pioneered. Looking again at the photograph 
of Kaufmann House, “ Fallingwater,’’ Pennsylvania 
(1936) he tells us that this was the first house in his 
experience to be built of reinforced concrete—“ so the 
form took the grammar of that type of construction.” 
And how well this building fits in with the rocks and 
surrounding landscape. 

In book two we are given a synthesis of the nine 
guiding principles upon which his life’s work was 
based—this makes most interesting and illuminating 
reading indeed. ' 

A creat hook hy 9 creat macter. Cr py 
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Multi-Storey Car Parks* 


Discussion on the Paper by E. N. Underwood, 
B.Sc.(Eng.), M.I.Struct.E., M.I.C.E., (Vice-President) 


THE PRESIDENT proposing a vote of thanks to the 
Author, congratulated Mr. Underwood on his up to 
date paper and said the subject of off-street parking 
was very much in our minds and would be of con- 
siderably more importance in the future than it had 
been in the past. 

Congratulations were also due to Mr. Underwood for 
having made his analysis in the early part of the 
paper and for having kept strictly to the type which 
he had found or had estimated to be the most economi- 
cal type ; then he had continued without allowing any 
other consideration to dissuade him from his purpose. 

Mr. UNDERWOOD, responding, emphasised that the 
scheme was devised when he had a Partner, Mr. 
Mander, who was present at the meeting and had been 
closely associated with the work from its inception. 
Mr. Mander should feel, therefore, that he also shared 
in the reward. 

Mr. Donovan H. LEE (Member of Council) said, the 
paper was so well presented that there might be no 
questions left to ask. However, although it all seemed 
so logical it was interesting to consider what alter- 
natives there had been and to learn the Author’s views 
on them. 

There was a similar garage in Sydney with a very 
low storey height. It seemed to him that, since we 
must have a “ strong point ’ to give the lateral stability, 
there was little economy in restricting the storey 
height. As regards the ‘ strong point,’ in a garage of this 
kind in San Francisco this was done in prestressed 
concrete with a large number of high tensile bars but 
was partly to provide resistance to earthquakes. 

He asked if the Author had considered taking 
advantage of prestressing in the circular part of the 
structure with the big cantilevers. In Johannesburg a 
garage was now being built with big spans of 50 or 
60 feet and the beams were prestressed. Mr. Lee asked 
for the Author’s views on the possible use of both 
precasting and prestressed concrete in future similar 
cases. 

Mr. UNDERWOOD replied that in the paper he had 
dealt with storey height. The view of Mr. Mander and 
himself was that if, for example, a height of 7 ft. 6 in. 
were provided, which he understood was the case in 
certain parks, car owners would use the garage while 
there was no alternative, but immediately somebody 
opened another garage with more headroom they would 
go to that one. With a 56 ft. width of deck, a man 
driving up to the centre would feel very depressed if 
the roof or beam were just above his head ; the park had 
been designed therefore on a 10 ft. deck to deck 
height, which after all only meant 1 foot or so on the 
columns at each circuit. 

If they were ever faced, and they hoped they would 
be, with the “ double thread worm ”’ type of structure, 
and wished to preserve the 10 ft. deck to deck dimen- 


*Read before the Institution of Structural Engineers at 11, 
Upper Belgrave Street, London, S.W.1., on the 10th December, 1959. 
My. L. E. Kent, B.Sc., M.I.Struct.E., M.I.C.E. (President) in 
the Chair. Published in “ The Structural Engineer,” Vol. 
XXX VII, No. 12, pp. 349-356. (Dec. 1959). 


sion, they would have to face a climb of 20 ft. per 
circuit, whilst still preserving a gradient of about one 
in thirty. In order to do that, a 600 ft. length of road 
was needed, and sites would be extremely costly if this 
600 ft. perimeter could be achieved. So that imme- 
diately the possibility of having more than (say) 
500 cars in the park arose, it became necessary to 
consider double thread worms and to think also in 
terms of 9 ft. or 9 ft. Gin. deck to deck. This meant 
a climb of 18 ft. or 19 ft. per circuit. 

The loading was 80 Ib/sq. ft. on the deck and 50lb/ 
sq. ft. on the beams, and that allowed for cars up to 
24 tons. To cater for heavier vehicles would be unwise. 
They could be accommodated on the ground floor, but 
again one would be up against the problem of headroom, 
because some vans were very tall. That trouble had 
already arisen in connection with a petrol filling 
station on one side of a park, and one had to face up 
to it. 

A SPEAKER asked whether, instead of catering only 
for cars, the structure could be a multi-purpose garage, 
for surely that would be ideal. 

Mr. UNDERWOOD replied that that suggestion had 
been considered, but he thought the siting of the 
garage precluded any chance of getting coaches into 
it. They were better kept on the ground, for they were 
heavy ; it would not be economical to provide a 
structure in which they could be mixed with cars. If 
the minicars were turned on to the roads in the num- 
bers predicted, it might well be possible to cater for 
them up to 12 ft. long, to provide special accommo- 
dation for them with a smaller width than for normal 
cars, and less headroom, thereby achieving terrific 
economy. We could not establish a park in a business 
and shopping area and limit it to the accommodation 
of that small type of car however. For very long cars 
there could be bays of 20 ft. length on one side of the 
deck, and bays on the other side could be reduced in 
length from 16ft. to 12ft. for use by mini-cars. 
This would only involve painting the white lines in 
different positions. The average car on the British 
roads would go into a 16 ft. bay easily and the access 
road, 24 ft. wide; would provide sufficient room for 
passing, manoeuvring and so on. 

Mr. K. H. ONG (Associate-Member), pointing to 
Fig. 1, asked if the fishbone type of parking would not 
enable one to park a car more quickly than would the 
other types. He was not sure which was the more 
important, to accommodate the maximum number of 
cars in a given area or to provide for quick and easy 
parking. 

Mr. UNDERWOOD replied that the matter was dealt 
with on the basis of areas. One had a parking bay 
16 ft. by 8ft. placed alongside a stretch of road 
8 ft. by 12 ft.; so that the area of the car bay was 
57 per cent of the total area of the 8 ft. strip measured 
to the centre of the access road. (62 per cent with a 
20 ft. road). When parking on the fishbone pattern 
the car had to reverse out of the bay and then go 
forward in the direction in which it had entered ; so that 
the fishbone type of parking was tied really to the 
“ one-way ” type of road access. 
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Various systems had been shown in diagrams which 
were one-way only and, having arrived at a peak, one 
turned a circle and started going down hill, on another 
road system within the garage. Using that type of 
structure, the fishbone type of parking was, of course, 
very attractive ; but for operation, where cars entered 
and left on the same road, certainly parking normal 
to the road was the proper thing. 

Mr. D. R. SHARP (Associate-Member of Council) was 
very interested to read in the paper some of Mr. 
Underwood’s ideas on car parks and to compare them 
with his own observations of parking garages in 
_America. 

He considered that Mr. Underwood had been very 
wise to increase the internal access roadway width from 
20 feet to 24 feet because in America one gained the 
impression that many access roadways were not wide 
enough. As a result some drivers, particularly women, 
would look for these garages which provided easier 
parking, or were discouraged from using parking 
garages altogether. 

It seemed that attendant parking was becoming more 
popular, because it was quicker than self parking. A 
man could drive up to a garage, leave his car there at 
ground level to be parked, and immediately walk 
away ; when he came back for it there was the minimum 
of delay, because the attendant could produce the car 
at the exit more quickly than he could. 

A point which Mr. Underwood had not mentioned 
was that, where there was attendant parking, ramp 
gradients could be steeper, which led to economy. 
Experienced attendants could drive on inclines of one 
in five whilst the public at large probably required 
one in ten. 

There was considerable difference in U.S.A. 
between the older and the more modern types of garage 
in respect of appearance. The older ones were usually 
depressing in the extreme. Mostly they were fully 
clad and, because they were constructed as cheaply as 
possible, they were poor aesthetically. The more 
recent ones, which were similar to the example which 
Mr. Underwood had described, were more successful. 
Even more attractive, he suggested, was the com- 
pletely open type with no walls where vehicles were 
prevented from running over the edge by something 
almost invisible ; steel cables were very popular for this 
purpose. This type of garage was light in appearance 
and colourful because of the cars which were plainly 
seen—and after all, cars were washed more often than 
the exteriors of buildings. 

In San Francisco, where conditions were very 
similar to those in our own congested cities, the building 
of a parking garage usually appreciated the value of 
property in the neighbourhood and stimulated the 
owners of adjacent property to redevelop their build- 
ings and bring new commercial life into the area. This 
was an encouraging aspect of parking garages which 
was perhaps not well known to developers in this 
country. 

Mr. J. A. DeRRINGTON (Associate-Member) referred 
to Fig. 1 in the paper concerning the efficient use of 
floor space for parking where the best layout showed an 
efficiency of just over 60 per cent; this required 
208 square feet of floor per car. Later diagrams showed 
this layout worked into a structure with a 40 ft. span. 
If the architect or engineer who had planned that 
garage had started with the intention of making the 
structure as cheap as possible and had doubled the 
number of columns in it, he would have cut the struc- 
tural cost possibly by 50 per cent. He could have then 
accepted a less efficient use of floor space and have 
provided 300 sq. ft. per car at the same cost. 
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A few years ago a multi-storey garage was erected at 
Blackpool, accommodating 280 cars. According to 
his calculations, they used about 71,000 sq. ft. an 
average of 250 sq. ft. per car, overall. Perhaps the 
Lancashire drivers were more skilful than those in the 
south but the column grid in this building was 22 ft. x 
24 ft. and no great waste of floor space was made. 

Referring to some pictures of precast units which 
Mr. Underwood had shown in Fig. 3 of the paper, he 
said one would need to use a five ton crane to pick up 
some of these units, and that would add up to £20 per 
car place to the cost of the structure. 

Finally he asked that the floor finishes in garage 
buildings should be given serious consideration. He 
urged that it was important, when a large area of 
concrete slab was exposed to weather, to control cracks 
which would be produced by shrinkage and temperature 
movement ; and suggested that a rock asphalt would be 
of value in the solving of this problem. 

Mr. UNDERWOOD, replying to the question on floor 
finish, said that throughout the job they were using a 
high strength concrete. The floor, or deck, was of 
precast beam units with an infill of the high strength 
concrete, and the total thickness was 32 inch ; 34 inch 
was structurally required, and the other } inch was for 
wearing surface. They had faith in the cross fall to get 
any water away and he did not think any other 
precautions would be required on normal decks. In the 
case of the showroom, however, the greatest precau- 
tions had been taken to exclude any moisture from it. 

He felt that Mr. Derrington was a little misunder- 
standing concerning the parts which were to be precast. 
All the beams and columns were actually cast in situ, 
and the only parts that were being precast were the 
floor or deck and the balustrade. The balustrade units 
were the heaviest, and their weight had been kept down 
to about 32 cwts., so that they were within the capacity 
of the normal contractor’s tower crane of 80 or 90 ft. 
radius. The crane was selected at an early stage in the 
design of the job and all the units were pared down so 
that they were within the capacity of that crane. 

Concerning the percentage efficiencies, it was neces- 
sary to fix the width of roadway, and they had arrived 
at a width of 24 feet. The first diagram in Fig. 1 had 
a 20 ft. roadway ; it was merely an attempt to show 
that, under the conditions set down in that diagram, 
the normal-to-the-kerb type of parking gave the most 
satisfactory result. 

So far as the column spacing was concerned, he felt 
that everyone would like to see all the columns elimi- 
nated. They had put the columns 4 ft. back from the 
edge of the access road, which gave better manoeuvring 
into the car bays, and in so doing they had also achieved 
the most efficient moment position for the beam which 
extended across the two columns. The 12 ft. canti- 
levers also gave an opportunity to increase the head- 
room in the centre. 

He had not seen the garage at Blackpool to which 
Mr. Derrington had referred, but he must make a trip 
there in order to see whether he could effect further 
economies at Bristol ; he must do that very soon. 

Mr. S. B. Tietz (Associate-Member) asked if the 
author had carried out or knew of any research which 
substantiated that a loading less than that suggested 
by the Code might be reasonable. 

Mr. UNDERWOOD said that if one spread the loads 
imposed by cars on the present arrangement one would 
find that about 40 lb/sq. ft. gave an adequate loading. 
With the normal-to-the-kerb arrangement there was 
only half the load of each car on the cantilever ; so 
that the outer part of the deck could be made very 
light indeed. The Code loading was fixed, however, not 
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necessarily just for the overall bending moment, but 
also for the point loads under the wheels, or jacks. It 
thus covered all likely conditions of point loading 
under a “‘ distributed” envelope. 

Mr. P. Nutratt (Associate-Member) asked if the 
Author had comparative figures to show the number of 
cars taken off the public roads per hour by this type of 
garage, the ordinary land garage, and the mechanical 
garage. 

Mr. UNDERWOOD said he had not comparative 
figures, but figures for the Corporation open field park 
in the centre of Bristol, quite close to the site he was 
concerned with, showed that it could discharge about 
400 cars per hour. He thought that the discreet 
owner-drivers, especially those who had used the 
Park regularly, would back into position rather than 
drive nose-in, for that would give them a quick get- 
away. In the multi-storey park he had described the 
24 ft. access road would give space for manoeuvring. 
One tended to imagine such a park absolutely jammed 
full, and some driver stalling in the middle of the 
access road. That did not often happen even on the 
main roads, and should not therefore be anticipated as 
a constant hazard in Parks. 

With regard to automatic parking, a park described 
recently had 16 lifts to deal with 500 cars, which worked 
out at about 30 cars per lift, a very expensive business. 
If all the owners of parked cars served by one lift 
turned up within five minutes of each other, some 
waiting would appear inevitable. The rate of discharge 
was said to be 12 cars per minute, but presumably this 
assumed that all the lifts were operating simultaneously. 

When using the type of owner-driver park that was 
described in the paper a driver was his own master. He 
could operate the passenger lift, proceed directly to 
the deck on which his car was parked, get into it and 
drive away, and he would not be half so much irritated 
as he would be if he had to stand at ground floor and 
wait for his car to be brought down. 

Mr. F. R. BULLEN (Vice-President) referred to costs. 
It seemed to him that it was absolutely essential, if car 
parks were to be popular with motorists, that the cost 
of parking should be reduced to a very low minimum. 
Indeed, he would go so far as to suggest that until we 
had arrangements whereby the first two hours of 
parking were free of charge, it would be difficult to 
persuade motorists to use the car parks. The newspapers 
on the previous day had mentioned the new car park 
in the City of London, under the new road, where it 
was stated that the charge would be 7s. per day. 
Somebody in the City was complaining because only 
40 motorists used it, whereas itwas made to accommo- 
date 240 or 280 cars. That situation spoke for itself. One 
did not blame the motorist ; he could not afford 7s. 
a day on top of all the other charges. 

So that the whole essence of car parking must be 
economy. There must be a lot of people who would 
leave their cars for more than two hours, and their 
payments would repay the operating costs. 

One of the most important considerations was to 
regard the car parks as such ; they were not buildings, 
and he would have thought that the first thing needed 
was a new set of by-laws. Car parks did not need 
windows and walls and painting. What we wanted was 
an extension of our road system; that was the ideal 
and most convenient car park, and it seemed to be the 
essence of Mr. Underwood’s scheme that it was in fact 
an extension of the road system. It had a great deal 
to commend it. 

_Mr. UNDERWooD said Mr. Bullen’s remarks reminded 
him that he had omitted to reply to Mr. Sharp’s 
reference to the fact that in America some multi-storey 
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garages had just the edges of the beams showing from 
the outside, and that the structures were attractive. 
Mr. Bullen had given the answer. We had to provide 
a barrier to prevent cars over-running. The aim was to 
simplify the structures as completely as possible, we 
must get down to the bare essentials ; then we could 
achieve economy. When we had other complications, 
including fire sprinklers, ventilating systems, and so 
on, they ran away with the costs. 

Lt.-Col. G. W. KirKLAND, M.B.E. (Vice-President) 
said he had not intended to join in the discussion, but 
after Mr. Bullen’s remarks he wanted to say that he 
was very much opposed to the contention that the 
motorist had a perfect right to park at the side of the 
road, where it cost him nothing. Surely that was very 
selfish. 

He joined Mr. Bullen in the view that it was high 
time the authorities got it into their minds that we 
were not providing a building to accommodate cars, 
but a palletised structure. 

Mr. W. A. NicHoLas (Associate-Member) said the 
building described in the paper was in reinforced con- 
crete. Nowadays pre-fabrication was becoming more 
and more popular, particularly on the Continent ; and 
the contractor preferred to work with precast concrete. 
For this particular job he thought prefabrication could 
be used to advantage ; he suggested that some sort of 
device could be adapted to precast beams or some sort 
of portals, prestressing where necessary and erecting 
them so that the shuttering could be fixed to the beams 
or portals. 

Next he made the point that multi-storey car parks 
had to be located in populous areas, so that the aesthetic 
aspects must be carefully considered. 

The balustrade for the structure at Bristol looked 
rather complicated. He would have thought that to 
provide pockets on the main beams and to fix the 
balustrade to them would have been more economical 
and perhaps easier. 

Mr. UNDERWOOD replied that the materials with 
which the car park was constructed, of course, were 
very much controlled by the Regulations. It could 
easily have been of steel framing which, when erected, 
would then have needed to be clad with concrete, but it 
would have involved greater expenditure than would 
the method that was actually used. If the Regulations 
ever premitted the use of naked steel in such a structure 
he thought there would be a very strong case indeed 
for steel framing with concrete decking etc. 

Concerning the reference to precasting the units, he 
said the contractor had been working with his firm as 
a team since very early on in the design stage, and they 
had discussed the matter thoroughly. After considering 
the weight of the portals or frames they decided not to 
precast, but to have form-work which could be made in 
a very permanent sort of way. 

If they had precast the beams they would have had 
comparatively few heavy lifts for a crane, and it was 
extremely costly to have heavy cranes on a site which 
were to be used most of the time for light work ; it was 
like employing aman to do a boy’s job. So that he 
thought the choice made, to carry out all the main 
framing in situ, was the right one, using the lighter 
type of crane with a fairly big radius, about 90 feet, 
for hoisting the materials, pre-cast or otherwise to any 
part of the job. 

He would very much like to have a steel frame 
building when the regulations permitted its more 
economic use. 

Mr. D. N. MircHEety (Member) agreed with the com- 
ment that multi-storey car parks should be considered 
by the designer not as buildings but as parking spaces. 
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However, the proposal to use uncased structural steel- 
work did not appeal to him from the point of view of 
fire risk. These structures should be designed as 
economically as possible, but we must not forget that 
people have to go into and come out of them with 
safety. 

Mr. UNDERWOOD agreed completely. The situation 
withregard to the protection of steel was under review 
and there were many devices being considered which 
would remove a good deal of the criticism of the use of 
steel in buildings without the very heavy load of the 
normal concrete encasement. He thought that when 
_that time came a composite construction would be 
used, using the normal reinforced concrete columns, 
with steelwork, properly treated, for the spans. That 
would mean quite an advance in economy. 

Mr. PETER Boston said he had read an article in 
October in “The Financial Times,” written by a 
director of Lex Garages, which referred to a structure 
almost identical with that described in the paper. 
Figures given in this article indicated that the cost per 
car considerably exceeded that applicable to an auto- 
matic stacking garage in spite of the fact that the 
writer seemed to have been able to park twice as many 
cars in a given space as Mr. Boston had been able to do 
working on space allotments similar to those used in 
the Bristol car park. Mr. Boston asked if the actual 
costs per car, including all the ancillaries, could be 
given for the Bristol car park. 

Recalling a reference by a speaker to a ramp, he 
said the aesthetics were perfectly satisfactory ; classical 
paintings of the tower of Babel, showing a higher 
version of the same thing, were acclaimed all over the 
world. 

Mr. UNDERWOOD said the answer with regard to 
costs was that the particular article referred to gave a 
hypothetical example, based on a projected site in the 
City of London ; the cost of the site was assessed at 
£200,000, which was very high in comparison with the 
cost of the structure. 
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In his own figures for the Bristol car park he had 
included for the showrooms, the central filling station, 
and soon. It had been possible to let the building to the 
tenant at a price per car bay which was very low indeed; 
it was based on the fact that the showroom accommo- 
dation and the petrol filling stations justified higher 
rents than the car park structure only. 

He thanked Mr. Boston for his remarks on the 
aesthetics. 

Mr. B. L. CrarK (Member) said that he also had 
studied car parking and it was a most interesting 
subject. 

Following the earlier re~>9rks about using the streets 
as car parks, he consider  ihat the attitude towards. 
car parks was quite wron,. We might as well build 
railways without engine sheds as roads without facilities 
for parking cars. When one bought a car, one spent a 
lot of money on purchase tax, and so on, and there was 
also the tax on petrol. There was a vast industry 
manufacturing motor cars, one of the biggest manu- 
facturing industries in this country, employing very 
many thousands of people. Were we to kill the use of 
motor cars in our cities by making the situation so 
difficult ? We must have a more broad-minded attitude 
towards car parking, and, as Mr. Bullen had said, we 
should consider car parks as an extension of our road 
system, and try to get the Government to accept them 
in that way. We wanted a new angle of view on the 
matter ; let us make the car parks look like roads and 
try to get the motorist to pay for them. 

Mr. UNDERWOOD said the first approach made with 
this idea of the multi-storey car park was to. the 
Ministry, when all the points were stressed and it was 
pointed out that it could form part of a road system. 
But the Ministry’s declared policy, of course, was that 
it was a local problem and must be solved by the local 
Authorities. 

THE PRESIDENT, closing the meeting, thanked 
Mr. Underwood for the excellent way in which he had 
answered the questions raised. 


Book Reviews 


Frames and Arches. Condensed Solutions for 
Structural Analysis by Valerian Leontovich. (New 
York and London : McGraw-Hill, 1959). 9in. x 6in., 
472 +- ix pp. £7 15s. 

Valerian Leontovich has presented this volume of 
condensed solutions for the structural analysis of 
twenty types of frames and arches in the characteristic 
style so successfully employed by Prof. A. Kleinlogel. 
The work covers symmetrical pinned and fixed base 
portal frames of rectangular, trapezoidal, pitched and 
parabolic profile of both constant and variable moment 
of inertia, and provides a series of simple equations 
leading to the solution of such frames when subject 
to a variety of external loading conditions. 

Where the volume deals with frames of constant 
cross section, it differs very little in the operations for 
solution from Kleinlogel although the latter covers 
a rather greater number of frames. It does, however, 
offer formulae for the solution of frames and arches of 
variable moment of inertia and it will be with this 
type of frame that the engineer will find it to provide 
a useful tool for rapid solution, particularly for those 


called upon to solve such frames regularly. For the 
more casual user, the need might be felt to seek rather 
regular guidance from the worked examples given, and 
column analogy might well provide as rapid an answer 
for pinned ended frames of straight members of 
variable cross section, as reference to the charts and 
tables in the book and substitution of values in the 
fifteen or so simple expressions required to evaluate 
all the bending moments and forces. However, the 
more involved parabolic arch frames, and frames with 
fixed end conditions having variable cross section, 
would not very readily be solved by methods other 
than the condensed solutions given, and the volume 
may commend itself to engineers on this account. 

The book also provides, in tabular form, dimensional 
data of parabolic tapered arches and formulae for 
the calculation of the effects of axial deformation for 
use when the rise to span ratio exceeds 0-2. 

It.might have been advantageous for a loose leaf 
form of the explanation of symbols and the common 
general frame constants to be included to facilitate 
cross reference. i Bobs 
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The Midland Soil Mechanics and Foundation 
Engineering Society Proceedings, Vol. I, 1957. (Uni- 
versity of Birmingham, Dept. of Civil Engineering, 
1959). 104in. x 84in., 139 pp. 


This volume is made up of the following papers : 
“‘ Practical Examples of Bearing Capacity Calculation,” 
by T. K. Chaplin “ Limit Design of Flexible Walls, 
by P. W. Rowe, ‘‘ The Influence of Site Investigation 
on Construction Methods,’ by A. Little, “ Stability 
of Graded Filters,’ by J. Kolbuszewski, “ Shear 
Strength and Pore Pressure,’ by A. D. M. Penman, 
““The Allowable Settlements of Buildings,’ by A. W. 
Skempton and ‘ Aspects of Softening in Clay,” by 
T. K. Chaplin. 


Proceedings of the Second Japan Congress on Testing 
Materials. Compiled by the Editorial Committee of 
Japan Congress on Testing Materials with co-operation 
of the Science Council of Japan. (Kyoto, Japan, 1959). 
1lin. x 8hin., 244 + ix pp. 


Several hundred specialists took part in this Congress 
held in Kyoto in October, 1958, at which 119 papers 
‘were presented on a wide variety of subjects. 67 of 
these papers are printed in this volume including the 
following : “On the Brittle Fracture of a Mild Steel 
under repeated impacts,” ‘“ On the methods of making 
concrete test cylinders,’ “An analytical testing 
method for proportion of hardened concrete,” ‘‘ The 
effect of mix proportions on the frost resistance of 
concrete,’ “‘ Static and dynamic moduli of elasticity 
of concrete,” “On the measurement of loss in ultra- 
sonic pulse in concrete,’ “Studies in permeability 
of mass concrete,’ “On the secondary consolidation 
of clay” and “A study on strength characteristics 
of over-consolidated clay by means of triaxial tests.” 


Petroleum Refinery Manual, by H. M. Noel. (New 
York: Reinhold Publishing Corporation ; London : 
Chapman & Hall, 1959). 10in. x 7in., 182 + xipp., 
64s. 


The object of this book is to give an integrated 
picture of the whole process of petroleum refinery 
design and construction. It includes descriptions of 
all the standard techniques of petroleum processing 
and gives information on planning and constructing 
new refineries, including estimating, scheduling, shop 
fabrication and field construction. Examples of 
finished work are described, and figures covering 
capital investment, operating manpower and operating 
costs accompany the descriptions and diagrams of 
modern refining processes. 


Proceedings of a Symposium on the Strength of 
Concrete Structures, London, 1956. (London : Cement 
and Concrete Association, 1959). 94 in. X G6in., 
697 + vii pp., £5. 


The papers given at a Symposium organized by the 
Cement and Concrete Association in conjunction with 
the Joint Committee on Structural Concrete are 
published in this volume, together with the general 
reports and discussions. The main object of the 
Symposium was to provide an opportunity for those 
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interested in the design of reinforced and prestressed 
concrete structures to exchange information and 
opinions regarding methods of design, with particular 
reference to the ultimate load theory, and there were 
contributions from some overseas specialists as well 
as British papers. 

The seventeen papers delivered at the Symposium 
were divided into five sessions, of which the first, 
under the Chairmanship of Dr. W. K. Wallace. was 
devoted to a consideration of factors of safety. 
Dr. M. R. Horne in “Some results of the theory of 
probability in the estimation of design loads,” dealt 
primarily with the treatment of loading intensities, 
investigating the probability approach to a number 
of loading questions. The second paper, “ The deter- 
mination of the design factor for reinforced concrete 
structures,” by Dr. Arne I. Johnson, considered 
economic factors as well as the strength of materials 
and the magnitude of loads in the method of design, 
and Professor Sir Alfred G. Pugsley in his paper, 
“Current trends in the specification of structural 
safety ’’ dealt with the all-over problem of structural 
safety. 

Professor R. H. Evans was the Chairman for Session 
B and Professor A. D. Ross gave the general report. 
The five papers delivered were: “ The strength of 
singly reinforced beams in bending,” by Dr. A. H. 
Mattock, ‘‘ The strength of concrete members in 
combined bending and torsion,’ by Mr. S. Armstrong, 
“The strength of prestressed concrete members,” by 
Professor C. P. Siess, ‘‘ Moment redistribution in 
continuous beams reinforced with plain and deformed 
bars,’ by Dr. H. Kajnal-Konyr and Mr. H. E. Lewis 
and ‘‘ The failure of concrete under compound stress,’’ 
by Mr. A. J. Harris. Three papers dealing with 
statically indeterminate structures made up Session C. 
These were: ‘‘ Ultimate load design of reinforced 
and prestressed concrete frames,” by Professor A. L. L. 
Baker, “‘ The strength of statically indeterminate 
prestressed concrete structures,’ by M. Y. Guyon and 
“The strength of prestressed concrete continuous 
beams and simple plane frames,’ by Professor P. B. 
Morice and Mr. H. E. Lewis. The general report was 
given by Mr. A. Goldstein, the Chairman for the 
session being Professor A. J. S. Pippard. 

Session D, under the Chairmanship of Mr. S. Vaughan, 
contained the following three papers: ‘‘ The strength 
of concrete walls under axial and eccentric loads,” 
by Mr. A: E- Seddon, “The strength of concrete 
members under dynamic loading,” by Dr. S. C. C. 
Bate and “ The strength of simply supported slab 
bridges subjected to concentrated loads,’ by Professor 
P. B. Morice and Mr. G.C. Reynolds. The last Session, 
for which the Chairman was Dr. A. R. Collins and 
the general reporter Dr. F. G. Thomas, was devoted 
to the application of the researches made and the 
views expressed to methods of design in codes of 
practice, etc. The papers included were: “ Ultimate 
strength of reinforced concrete in American design 
practice,’ by Dr. E. Hognestad, “ The design of 
reinforced concrete members,” by Dr. A. Aas-Jakobsen, 
which described a method of design, which, in part, 
formed the justification for the relevant clauses in 
some European codes and the A.C.I. code for 1951, 
and included recommendations not yet published 
in a code, and “Load factor design in building 
regulations : future British practice,’ by Dr. D. D. 
Matthews. 


May, 1960 


173 


Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 


. An Ordinary General Meeting of the Institution of 

Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, 24th March, 1960, 
at 5.55 p.m. Mr. Lewis E. Kent, B.Sc., M.I.Struct.E., 
M.I.C.E., (President), in the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred to 
when consulting the Year Book for evidence of 
membership. 

STUDENTS 
BANERJI, Narayan Chandra, of London. 
BRAND, Kenneth Frederick, of Hutton, Essex. 
CHAN SIEW Fone, of Singapore. 
FITZPATRICK, John Anthony, of London. 
GALLANNAUGH, Roger, of Burnham-on-Sea, Somerset. 
HENDERSON, James, of Sherborne, Dorset. 
Horton, Brian, of Surbiton, Surrey. 
Jackson, Edward John, of Halstead, Kent. 
Just, David James, of Birmingham. 
LEE CHEOK Hog, of Singapore. 
Marriott, Kenneth, of Alfreton, Derbyshire. 
Mor ey, Peter Stuart, of Allestree, Nr. Derby. 
NYE, Colin, of Pontefract, Yorkshire. 
Pao WE! Kana, of Hong Kong. 
PorTER, Colin Allan, of New Zealand. 
SLAUGHTER, David Anthony, of Birmingham. 
STEPHEN, Graham Meredith, of Rogerstone, Nr. New- 
port, Mon. 
TaneG Ner WAH, of Singapore. 
TAYLor, Howard Peter John, of Iver Heath, Bucks. 
TowLer, Malcolm Philipson, of Liverpool 


GRADUATES 

APPLETON, Reginald Howard, of Chelmsford, Essex. 
ATKINSON, Edward Peter, B.Sc., of Sheffield. 
Basu, Tapan Kumar, B.Eng., of London. 
Bry1koGcLu, Mehmet Ali, of London. 
Bucu, Jitendra Dolarrai, B.E., of Bombay, India. 
CLAPHAM, Geoffrey Smith, A.M.I.Mun.E., of Bradford. 
CLUDERAY, Colin, of Leeds. 
Day, Thomas Michael, of Norwich, Norfolk. 
Eaton, Malcolm, of London. 
EMERSON, Geoffrey Joseph, B.E., of Galway, Ireland. 
GABRIEL, Rodney Frank, of Feltham, Middlesex. 
GODFREY, Anthony, of Swanley, Kent. 
GRIMSTON, Reginald, of London. 
Kine, John Kenneth, of Brighton, Sussex. 
LEADBETTER, Kenneth Edward, B.Sc., of Stockport, 

Cheshire. 
Lim CHEE MENG, of Kuala Lumpur, Malaya. 
MAKEPEACE, Brian Humphrey Miles, of London. 
MatTHEws, Douglas Thomas, of Bebington, Cheshire. 
Pat, Sudhindra Nath, B.Eng., of Calcutta, India. 
PARASHARAMI, Ashok Gopal, B.Eng., of Poona, India. 
PEARCE, Donald David, of Widnes, Lancs. 
Poap, John Gordon, of Stockton-on-Tees, Co. Durham. 
Ray, Syamal Kumar, B.Sc., of Watford, Herts. 
REYNOLDS, John Edward, of London. 
SHERIFF, Donald, of Sheffield. 
Sipp1gu1, Abdul Ali, B.Eng., of Karachi, Pakistan. 
STOCKWELL, Malcolm Lee, of Ormesby, Middlesbrough. 
STUDER, Cecil Robert, of Farnham, Surrey. 
Tuompson, Victor George, of Welling, Kent. 
WuitwortH, Kenneth Malcolm, B.Sc.,Tech. of 
Rochdale, Yorks. 
| Wittcocks, James Peter, B.Sc., of London. 


MEMBERS 


CroMBy, John, of Port Swettenham, Malaya. 

LE SEELLEUR, Col. Alfred John, O.B.E., of Purley, 
Surrey. 

SMITH, Hubert John Evans, B.A., A.ML.I.C.E., of 
Burgess Hill, Sussex. 


TRANSFERS 
Students to Graduates 


BEALE, Francis Curteis, of Dorking, Surrey. 

GosLinG, Ernest Harvey, of Toronto, Ontario, Canada. 

Haicu, Melvin, of Wakefield, Yorkshire. 

Hayes, Michael Charles, of Croydon, Surrey. 

MacKewnzig, Peter John, of Bath, Somerset. 

WaINWRIGHT, Malcolm Stanley, of Ellesmere Port, 
Cheshire. 

WARDEN, John Charles, of Hornchurch, Essex. 


Graduates to Associate - Members 


CHARMAN, William Royston, of Hildenborough, Kent. 
DerANn, Charles Michael, of Shepperton, Middlesex. 
Hunt, Dennis William, of London. 

WELLINGS, Paul Eustace, of Bishop’s Stortford, Herts. 


Associate-Members to Members 


CLARK, James Alexander, A.M.I.C.E., of Glasgow, 
Scotland. 

FIRMINGER, Leslie Alfred, of Sutton Coldfield, Warwick- 
shire. 

Horton, John Pearson Guy, of Streetly, Staffs. 

PIKE, Cecil Wilfrid, A.M.I.C.E., of Woodmansterne, 
Nr. Banstead, Surrey. 

SLATER, Alfred, of Auckland, New Zealand. 

SMULLEN, Herman, of London. 

SprrA, Ephraim, of Addis Ababa, Ethiopia. 

Story, John Bower, of Warrington, Lancs. 


Members to Retired Members 


PAYNE, Paul Graham, of Shanklin, Isle-of-Wight. 
Warnock, John, M.C., M.I.C.E., of Delanwy, North 
Wales. 


Associate-Member to Retived Associate-M ember 


RAMAPPA, Nivarti, of Anantapur Andhra Pradesh, 
India. 


OBITUARY 


The Council regret to announce the deaths of Arthur 
Monk (Member), Arthur Asuton, John Goodrich Kay 
(Retired Members), Jose Antonio Derniz, Frederick 
HapFIELD (Associate-Members), Richard Owen Rap- 
FORD (Graduate). 


RESIGNATIONS 


Notification was given that the Council had accepted 
with regret the resignations of Herbert Lawrence 
Brices, Kenneth Austin PHitiips (Graduates), Michael 
Ross EADIE (Student). 


174 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. 


Thursday, 26th May, 1960. 


Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by the Annual General Meeting 
at 6 p.m. 

Thursday, 23rd June, 1960. 


Ordinary General Meeting for the election of members 
at 5 p.m. 


INSTITUTION OF STRUCTURAL ENGINEERS 
BENEVOLENT FUND. 


The Annual General Meeting of the Voting Contri- 
butors to the Institution of Structural Engineers 
Benevolent Fund will be held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, 26th May, 1960, 
at 6.20 p.m. 


EXAMINATIONS—JANUARY, 1960. 
HOME AND OVERSEAS CENTRES 


The Examinations of the Institution were held in 
January, 1960, at the usual centres in the United 
Kingdom and Overseas at the following centres :— 

Accra, Aligarh, Auckland, Barbados, Beirut, Bethle- 
hem (South Africa), Bombay, Bulawayo, Cairo, 
Calcutta, Cape Town, Colombo, Dacca, Dar-es-Salaam, 
Durban, East London (South Africa), Hong Kong, 
Jesselton, Johannesburg, Khartoum, Kingston 
(Jamaica), Kuala Lumpur, Lagos, Lahore, Madang, 
Madras, Mauritius, Montreal, Nairobi, Ndola, Rangoon, 
Salisbury, (Southern Rhodesia,) Singapore, Sydney, 
Toronto, Trinidad, Wellington, Windhoek and Winnipeg. 

One hundred and eighteen candidates took the 
Graduateship Examination (74 at home centres and 
44 overseas) and 600 took the Associate-Membership 
Examination (474 at home centres and 126 overseas). 
Of these, 53 passed the Graduateship Examination 
(27 at home centres and 26 overseas), and 111 passed 
the Associate-Membership Examination (90 at home 
centres and 21 overseas). The names of the successful 
candidates are :— 


Graduateship Examination 


ATxKIns, Walter Arthur 
Baccui, Rabindranath 

Basu, Mrinal Kanti 

BEN Soupa, Ahmed Ben Dris 
BHARADWAJ, Joginder Paul 
BosiscH, Gerhard 

BubDER, Domenico 

CARRICK, John Leslie 
CARRINGTON, Vernon 

CARSON, Samuel William 
CrEET, Armen John 

Davis, Victor Clayton Aliston 
Durry, Patrick 

Ecos, John Russell 

FatTeuI, Abdulkadir Abdulhasan 
Fincu, Victor Leopold 
GERRARD, John Roy 
GIFFORD, Robert Charles 
GREGORIADES, Costas Gregory 
GRIFFITHS, Brian John 
GYANI, Kishor Ranchhodlal 
HaArEL, Georges Alfred Pierre 
HorMANn, Charles Edward 
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KIRKLAND, George John 
KorREVAAR, Willem Huibertus 
LEIMAN, Bernard 

LEITHEAD, Gordon McLean 
Levy, John 

Lim CHWEE Bok 

McCartuy, Patrick Dennis 
Makin, William Alan 
MARGHETIS, Christos Constantin 
MAUJEAN, Joseph Lucien 
OsosaMI, Israel Adebayo 
PARIKH, Punamchand Shankerlal 
PARKER, Joseph Martin 
PITcHERS, John 
PURKAYASTHA, Ramapada Kar 
RANE, Abaji Sadeshiv 

REED, John Barton 

RICHTER, Colin Philip 

Rowe, Walter Ernest 
SCHROEDER, Bryan Payne 
SHEARS, Peter John Randal 
SHILLING, Michael Frank 
SmitH, Anthony Lloyd 

Tatu, Shreekant Gajanan 
TAYLorR, John 

TitBury, John Alan 

UnceEr, Ralph Richard 

WEBB, Graham Charles 
Waite, John Ronald 
WHITMORE, Richard Graeme 


Associate-Membership Examination 


Acton, Ian Murray 
ALDERSON, John Anthony 
ALLoTT, John Thomas 
AmoptiA, Rajnikant Mulchand 
ANNELLS, Michael 

ATKAR, Dilbag Singh 
BAYNHAM, Wilfrid 

Boc Le, John Brian 
BoTteERIL1, John Alfred 
Brown, David Robert Matthew 
Brown, Peter Allan 
Burcuess, David Sydney 
BurGeEss, Kenneth Arthur 
But er, Alan 

BUTLER, Robert 

CANNELL, Gordon John 

CHAN Kal-MING 

CHANDA, Sankar Lal 
CHORLEY, Victor Wilfred 
CLAYDEN, Kenneth John Charles 
DAUGHERTY, Frank 

Duar, Paramesh Ranjan 
DIVAN, Malhar Shivaram 
DUCKER, James 

Fox, Dennis 

FozzarpD, John 

GABAY, Leslie Oliver St. Clear 
GARRAD, Reginald John 
Guosu, Utpal Krishna 

GILL, Michael Brendan Mary 
GIRARDIER, Edward Victor 
GIZEJEWSKI, Krystian 

GRAY, Walter Smith 
GRIFFITHS, Edward John 
HarkKIN, Michael Edward 
Harris, Edward George 
Harris, George Graham 
HEARD, Michael John 
Hewitt, Lawrence John 
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Hewson, Kenneth Norman 
HOo.Liincton, Michael Robert 
HoMERSHAM, Peter Gerald 
HuGatt, John Eric 
HurRbDEN, Michael Eric 
_JAuINA, Kaio 
JAMEs, Arthur Neville 
Jones, Chandler 
Jones, Michael Sidney 
_ Keys, Gerald 
KHADILKAR, Bhaskar Shrikrishna 
LAMBERT, Frederick Walter 
LEE, John Kenneth 
LEE, Terence Godfrey 
LimBADA, Ismael Ahmad 
Loat, Reginald Dennis 
LonvDHE, Vishwas Dattatraya 
Lowe, John 
Lytu, Philip Bernard 
McARDLE, Brian 
McFAaRLANE, John 
MacLacuian, Ian Hamilton 
MALONE, Patrick Oswald 
Maycrort, Douglas Harvey 
NEWSOME, Brian 
O’BrIEN, Leo 
O’Brien, William Rex 
ORAON, Kartik 
OsBORNE, Ivan William 
PATEL, Janakray Rambhai 
PESKETT, George John 
PuHILLips, William 
Pre, Ralph 
RIDLER, John Walter Arthur 
Rosson, Keith 
Rosson, Ronald John 
Rossincton, Antony Bevan 
RowsoTHaM, Noel Gervais 
RyMILL, Frederick Michael 
SCHEUER, Marius Cornelis 
SEARLE, Michael George 
SESHAN, Tattamangalam G. I. 
SHAH, Chandrakant Bhailal 
SHARLAND, Brian Walter 
SINGH, S. Balbir Bhambroy 
SinHA, Thakur M. N. 
SLACK, George Edwin 
SLANEY, John Richard 
SmiTH, David Harry 
SNELL, John Alfred 
SNELL, Martin de Putron 
SPACEY, Geoffrey 
STAPLES, Graham George 
STAPLETON, Roger Louis 
StuarT, Allan 
SULLEY, William David 
TAWDE, Ashok Nanasahib 
TAYLOR, Wilfred Samuel 
THORPE, Edwin Holt 
TitBury, Frank Charles 
ToncE, Derek George 
ToppinG, Jack 
Towson, Valentine Geoffrey 
TRUSSLER, Stanley 


TuRKINGTON, William Kenneth Somme 


TwiGGER, Michael Arnold 

ViTHAL, Nori Panduranga 

WalrTeE, Dennis 

Warp, Albert Thomas James 

WHITTAKER, James Roy 
Won, Kai Cheong Franklin 
Wyatt, Albert Frank 
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EXAMINATIONS, JULY, 1960 


The Examinations of the Institution will next be 
held in the United Kingdom and overseas on Tuesday 
and Wednesday, July 12th and 13th, 1960 (Graduate- 
ship) and Thursday and Friday, July 14th and 15th 
1960 (Associate-Membership). 


MECHANICAL HANDLING EXHIBITION 


The Organisers of the Mechanical Handling Exhibi- 
tion and Materials Handling Convention have extended 
an invitation to members of the Institution to visit 
the Exhibition which is to be held at Earls Court, 
London, from the 3rd to 13th May, 1960. Tickets ot 
admission may be obtained upon application to the 
Secretary of the Institution. 


HONOURS AWARD 


In offering their ‘sincere congratulations to the 
following member on the distinction conferred upon 
him, the Council feel that they are also expressing 
the good wishes of the Institution. 


Order of the British Empire—O.B.E. 
Mr. J. Owen Parry (Member). 


INSTITUTION AWARDS 


The Council have awarded the Institution Bronze 
Medal for the Session 1958-59 to Mr. Derek Bond for 
a paper, “‘ Design, Model Analysis and Testing of an 
83 ft. span Interconnected Portal Grillage.”’ 

The Institution Branch Award (for the best paper 
from amongst those for which Branch Prizes have 
been awarded) has also been awarded to Mr. Bond for 


this paper. 
Mr. W. S. Watts has received the Council’s commend- 
ation for his paper, “Some Points of Structural 


Interest at Calder Hall ‘A’ Nuclear Power Station.” 


REPRESENTATION 


The Council have appointed the following Institution 
representatives :— 
Manchester and District Advisory Council for Further 
Education—Post Advanced Building and Civil Engi- 
neering Advisory Council 

Mr. J. E. Guest (Member). 
North Western Regional Advisory Council for Further 
Education—Joint Advisory Committee for Education 
in the Building Industry 

Mr. W. Fitton (Member of Council). (re-appointment), 
Joint British Committee for Stress Analysis 

Professor P. B. Morice (Associate-Member of Council). 

Dr. E. Lightfoot (Delegate Member of Council). 


OVERSEAS REPRESENTATIVE 


The Council have appointed Professor J. W. Roderick 
(Member), Institution Representative in Victoria and 
New South Wales, Australia, for a period of five years 
in place of Professor A. J. Francis, who has relinquished 
the appointment. 


YEAR BOOK AND LIST OF MEMBERS 


The Year Book and List of Members for 1960 will 
go to press in July, for publication in October, when 
a copy will be sent to all members. 

Members are requested to inform the Secretary of 
any alterations in titles, degrees or addresses, which 
have not already been notified, by June 27th, in order 
that such amendments may be included in the new 
edition. 
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ADDITIONS TO THE LIBRARY 


BANNISTER, A. and RAYMOND, S. Surveying. London, 
1959. Presented by Mr. H. H. B. Stewart. 

Benson, C. S. Advanced Structural Design. London, 
1959. Presented by the Author. 

CLENDINNING, J. Principles of Surveying, 2nd Edition. 
London, 1960. 

D.S.I.R. Principles of Modern Building, Vol. 1, 3rd 
Edition. London, 1959. 

L’HermitE, R. Méthodes Générales d’Essais et de 
Controle en Laboratoire. Livre I—Mesures géomé- 
triques et mécaniques, Paris, 1959. Presented by 
Mr. P. J. Gerard: 

Japan Congress on Testing Materials. Proceedings of 
Second Congress on Testing Materials. Kyoto, 1959. 

Japan Society of Civil Engineers and Architectural 
Institute of Japan. Proceedings of the Symposium 
on the Failure and Defects of Bridges and Structures, 
Tokyo, 1958. 

The Midland Soil Mechanics and Foundation Engi- 
neering Society Proceedings, Vol. I, 1957. University 
of Birmingham, 1959. 

Nort, H. M. Petroleum Refinery Manual. New York 
and London, 1959. 

STUBBS, F. W. (Editor) Handbook of Heavy Construction. 
New York and London, 1959. 

Symposium on Strength of Concrete Structures, 1956, 
Proceedings. London, 1959. 

Tuma, J. J., FRENCH, S.E. and Lasstey, T. I. Analysis 
of Continuous Beam Bridges, Vol. 1. Carry-Over 
Procedure. Oklahoma State University, 1959. 


Branch Notices 


LANCASHIRE AND CHESHIRE BRANCH 


The Annual Dinner Dance will be held on Friday, 
6th May, 1960, at the Carlton Club, Eberle Street, 
Liverpool. 

Hon. Secretary: .-W. S. Watts, A.M.1.Struct.E;, 
A.M.I.C.E., 11, Newchurch Lane, Culcheth, Nr. 
Warrington, Lancs. 


MIDLAND COUNTIES BRANCH 


Hon. Secretary : Se M. Cooper, A.M.I.Struct.E., 
Applegarth,’’ Hyperion Road, Stourton, Nr. Stour- 
bridge, Worcestershire. 


GRADUATES’ AND STUDENTS’ SECTION 
Third Annual Buffet Dance will be held on Friday, 
6th May, 1960, at the Station Hotel, Dudley. 


Hon. Secretary: H. T. Dodd, Shepherd’s Cottage, 
Grove Lane, Wishaw, Sutton Coldfield, Warwickshire. 


NORTHERN COUNTIES BRANCH 


Hon. Secretary : P. D. Newton, B.Sc., A.M.I.Struct.E., 
A.M.LC.E., c/o Richard Hill Ltd., P.O. Box 29, 
Middlesbrough, Yorkshire. 


NORTHERN IRELAND BRANCH 


Hon. Secretary: LL. Clements, A.M.1.Struct.E., 
A.M.I.C.E., A.M.I.Mun.E., 3, Kingswood Park, Cherry- 
valley, Belfast. 
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SCOTTISH BRANCH 


Hon. Secretary: W. Shearer Smith, M.1.Struct.E., 
A.M.I.C.E., c/o The Royal College of Science and 
Technology, George Street, Glasgow, C.1. 


SOUTH WESTERN COUNTIES SECTION 


Secretary: C. J. Woodrow, J.P., “ Elstow,” Hartley 
Park Villas, Mannamead, Plymouth, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 


Annual General Meeting will be held on Wednesday, 
4th May, 1960, at the Mackworth Hotel, High Street, 
Swansea. 


Hon. Secretary: K Stewart, M.I.Struct.E., 


AM. EC.Bw 15. Glanmor Road, Swansea. 


WESTERN COUNTIES BRANCH 


Hon. Secretary : A.C. Hughes, M.Eng., A.M.I.Struct.E., 
A.M.I.C.E., 21, Great Brockeridge, Bristol, 9. 


YORKSHIRE BRANCH 


Hon. Secretary: W. B. Stock, A.M.I.Struct.E., 34, 
Hobart Road, Dewsbury, Yorks. 


UNION OF SOUTH AFRICA BRANCH 


Hon. Secretary: A. E. Tait, B.Sc., A.M.I.Struct.E.; 
A.M.I.C.E., P.O. Box 3306, Johannesburg, South 
Africa. 


During weekdays, Mr. Tait can be contacted in the 
City Engineer’s Department, Town Hall, Johannesburg. 
Phone 34-1111, Ext. 257. 


Natal Section Hon. Secretary: \ J. ‘Gy Panton, 
A.M.I.Struct.E., A.M.I.C.E., c/o Dorman Long (Africa) 
Ltd., P.O. Box 932, Durban. 


Cape Section Hon. Secretary : Kt) Ba GNOTES 
A.M.I.Struct.E., African Guarantee Building, 8, St. 
George’s Street, Cape Town. 


EAST AFRICAN SECTION 


Chairman: R. A. Sutcliffe, M.I.Struct.E., P.O. Box 
30079, Nairobi, Kenya. 


Hon. Secretary eK Davey, A.M.I.Struct.E., P.O- 
Box 30079, Nairobi, Kenya. 


NIGERIAN SECTION 


Chairman : » -» Wie tenderson web. Rae 
M.LStructiE: MCE? 


Hon. Secretary: A. Brimer, A.M.I.Struct.E., Brimer, 
Andrews and Nachshen, Private Bag Mail 2295, 
Lagos, Nigeria. 


B.Sc 


SINGAPORE AND FEDERATION OF 
MALAYA SECTION 


Chairman: T. F. Lee, B.Sc. 


Hon. Secretary : W.N. Cursiter, B:Sc., A.M. LStractbs 
A.M.I.C.E., c/o Redpath Brown & Co. Ltd., P.O. 
Box 648, Singapore. 
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Practising 


Pleading the case for Tentor Bar has its advantages. 
Tentor is not just a citizen of credit and renown; 
it possesses unimpeachable qualities; it has 

a clean record; it reinforces concrete extremely well, 
and 1s delivered promptly from six different places. 
None of your forensic rhetoric for Tentor: Tentor 
is vindicated absolutely on all counts. 

In fact it cannot be too highly commended. 
Tentor Bars for concrete reinforcement set high 
standards in tensile and bond strength, 

save up to 15% of the cost of Plain Rounds 
require no hooks, and can be supplied to meet 
contract requirements, cut or bent to specification, 
in sizes from }’ to 1’. 


Tentor Bars are supplied by the following 
companies and their branch offices :— 


B.R.C. STEEL LTD., 

Silkmore Lane, Stafford. Stafford 444 

G.K.N. REINFORCEMENTS LTD., 

197 Knightsbridge, London, S.W.7. KENsington 6333 
McCALL & CO. (SHEFFIELD) LTD., 

P.O. Box 41, Sheffield. Rotherham 2076 

STEEL, PEECH & TOZER, LTD., 

Branch of The United Steel Companies Ltd, 

Technical enquiries to: The Ickles, Sheffield. Sheffield 41012 


The Tentor Bar Company Ltd. 
197 Knightsbridge, London, S.W.7 
Telephone: KENsington 6311 

Telegrams: TENTORED, London, 3.W.7 


THNTOR BARS Registered Trade Merb 
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DAWNAYS 
STEELWORK 


Specialists in the design 


fabrication and erection of riveted 
and welded steel-framed structures 


of every description 


DAWNAYS LIMITED 


BRIDGE & STRUCTURAL ENGINEERS 


STEELWORKS RD., BATTERSEA, LONDON, S.W.11. 
Telephone: BATTERSEA 2525 (10 lines) 


ALSO AT SWANSEA CARDIFF - WELWYN GARDEN CITY - NORWICH .- 


SOUTHAMPTON - ROMFORD - VICTORIA STREET. S.W.1! 


HULL 


This single storey 60’ span warehouse was erected for one of our appointed 
R.H.S. stockists, Macnays Ltd. of Middlesbrough, by Alltons (Structural Steel) 
Ltd. of Ripon, Yorks. The stanchions and roof trusses were constructed entirely 
from R.H.S. and designed to comply with the requirements of BS 449 :1959. 


Rectangular Hollow Sections (R.H.S.) are now being used for a wide range of 
mechanical and structural purposes. The sizes available in the Stewarts and 
Lloyds’ range of hot-formed sections are listed in the accompanying table. 
R.H.S. eliminate the need for special shaping of components before welding: 
Any straight-cut R.H.S. or tube will fit accurately against their flat sides 
whether square-on or at an angle and, moreover, lugs of various kinds produced 
from tube or bar are easily attached. Welding is simple and no bevelling is 
necessary. 

Our subsidiary, Tubewrights Ltd., of 25 Buckingham Gate, London, S.W.1, is 
willing to advise on or quote for any welded sub-assemblies. 


STEWARTS AND LLOYDS WAREHOUSES THROUGHOUT 
THE COUNTRY STOCK R.HLS. 


Pamphlet giving full dimensions, properties and prices will be sent on application to:— 


Stewarts and Lloyds Ltd 


STRUCTURAL STEEL DEPARTMENT, BROAD STREET CHAMBERS, BIRMINGHAM 1 
Telephone; Midland 2700, Telex; 33333 


FROM FROM 

xi 1%'x Ao" 
TO TO 

5x5 6’x 4’ 


R.H.S. ARE PRODUCED 
TO THE 
PHYSICAL PROPERTIES 
OF B.S. 1775 GRADE 16 


Hottow 


SECTIONS 
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“BROOMWADE” aids construction 
of Sydney's New Opera House 


Type WR1zo operating ‘““Broomwade” Pneumatic tools on site. 


General view 
Paste St This revolutionary design, chosen after a world- 
wide competition, was inspired by Sydney’s long 
association with shipping and yachts; the sail- 
like roof line symbolising the link. 
“BROOMWADE” WR120 Rotary Com- 
pressors and hard-hitting RB770B road breakers 
have been used to demolish a tram depot and 
breakup heavy shale deposits during preparation of 
the 54acre site. “BROOMWADE” trench pumps 
and clay spades have also played their part. 
When erection commences, concrete pumping 
plant will be employed, the pressure being sup- 
plied by two ““‘BROOMWADE” Rotary Com- 
pressors—a WR175 and a WR250. 
Onthe world’s most important construction pro- 
jects you will see ““BROOMWADE” pneumatic 


A model of j ; ; i 
thenew Oper, ©duipment speeding the job . . . reducing costs. 


House. 


Photographs by courtesy of “Sun”? & “Sun-Herald”? & Leicagraph Co. Pty. Ltd., Sydney 


Air Compressors and 
Pneumatic Tools 


YOUR BEST INVESTMENT 


BROOM & WADE LTD., P.O. Box No. 7, HIGH WYCOMBE, BUCKS. 
Telephone: High Wycombe 1630 (ro lines) Telegrams: ‘Broom’, High Wycombe. (Telex) 
703SAS 
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P UL L ING TO G FE THER Every successful job depends on good team work, 


Architects, Builders and Sub-contractors working in close co-operation from start to finish. Such co-operation 
can only be based on confidence, and you must be certain that your sub-contractors will deliver material 
exactly when and where you want it. We take particular pride in the speed and reliability of the 
SIEGWART service, and in knowing that so many Architects and Builders now take this for granted. We are 
also proud to be consulted so often about complicated flooring problems. Our technical advice, based on 


over forty years experience, is always given freely and without obligation. 


SIEGWART PRECAST FLOORS AND ROOFS 


Our Associated Company, S.P.C. Ltd., has been 
formed to give a complete service in concrete. It will 


be pleased to quote for the design and erection from 


foundations of all R.C. structures. 


SIEGWART FLOOR CO. LTD., Gable House, Rickmansworth, Herts. Telephone Rickmansworth 2266 
Berkeley House, Hagley Road, Birmingham 16. Telephone Edgbaston 3960 
Carlton House, Blythswood Square, Glasgow, C.2. Telephone City 5156 


af 
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shift it fast? 


Several thousand yards of earth to move? 


You can hire just the plant for the job from 
Wards. And it will be modern plant in 
good condition, and backed by a first class. 
service.. Wards’ Hire Fleet is one of 

the most comprehensive in the country. — 

It includes Excavators, Bulldozers, 

Scrapers, Dumpers, Loading Shovels, Air 
Compressors, Cranes, Lifting Tackle, 
Concrete Mixers, Tractors and Locomotives. 
Skilled Operators are 


available if required 
Ask for details of 
Wards’ attractive 


hire terms. 
e e e 
ue 
‘ Depots 2 
: SHEFFIELD ¥ 
Contractors Plant Division of iy Tel. 26311 r 
. GRAYS (ESSEX) < 
THOS. W. WARD LTD | isso: 
GLASGOW 
a a id Tel. Scotstoun 8083 % 
° BRITON FERRY ° 
A Tel. 3166/7 ‘ 
Head Office: - ALBION WORKS - SHEFFIELD 4 COVENTRY 
Tel. Bedworth 3011 
e e 


London Office BRETTENHAM HOUSE LANCASTER PLACE -: STRAND W,C,2 Phone "TEM 1515 8. ee | 2 Ce Se ie oa 
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What is 
the cheapest 


and simplest way 
of fixing 
this... 


to this?... 


When both are metal—the answer is almost invariably stud welding. The 
cost may be as little as one fifth of, for instance, the cost of drilling and 
tapping. The time an even smaller fraction. And stud welding is far 
stronger than any alternative method and absolutely permanent. 

Stud welding is speeding up production and lowering costs in an immense 
range of industries from shipbuilding to domestic equipment. Attachments 
may be of almost any shape. A talk with our Engineers perhaps, followed 


by a demonstration, will be worth your while. 


(rompton Parkinson 
STUD WELDING 


<p CROMPTON PARKINSON (STUD WELDING) LIMITED 
[ELECTRICAL Equipment] 1-3 Brixton Road, London, S.W.9. Telephone: Reliance 7676 
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Macalloy high tensile steel bars, as used in the Lee-McCall 
system, set a new standard of safety and reliability in 
the prestressing of concrete. 


Positive and accurate securing of drilled end plates. 
Rolled threads give positive anchorage, without slip. 


The jacking equipment enables measurement of the extension 
to be made easily and accurately, and the force used 
can readily be checked on a large easily-read gauge. 


Stressed tendons with rolled thread anchorages can be 
checked for stress right up to the time of grouting 
and, if necessary, re-stressed. 


The large diameter Macalloy bars are more resistant to 
corrosion than mild steel; exposed bars can be given 
first-class protection. 


These and many other points of superiority make 
‘Macalloy’ bars the most economical, simple, reliable and 
practical system of prestressing. 


McCALLS MACALLOY LIMITED 
TEMPLEBOROUGH - SHEFFIELD - P.O. BOX 41 
Telephone: ROTHERHAM 2076 (P.B. Ex 8 lines) 

LONDON: SLOANE 0428 PORTSMOUTH: COSHAM 78702 
BIRMINGHAM: ACOCKS GREEN 0229 


McCALL & COMPANY (SHEFFIELD) LIMITED McCALLS MACALLOY AFRICA (PROPRIETARY) LIMITED 


McCALLS MACALLOY LIMITED McCALLS MACALLOY (AUSTRALIA) PTY. LIMITED 


PRECISION ROOFS LIMITED McCALLS MACALLOY (CANADA) LIMITED 


N AMI 
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CLASS 1 
fully satisfy the requirements of the Act 


regarding Thermal Insulation and 


Resistance to Spread of Flame! 


* THE THERMAL INSULATION 
(INDUSTRIAL BUILDINGS) ACT, 1957 


Here’s a structural insulating material 
with a Class | rating for spread of flame! 
When Stramit Class | slabs are used as 
roof-decking under felt, they have a 
U-value of 0.23 and so easily satisfy the 
requirements of the new Act (which 
stipulates a U-value not greater than 
0.3). And, of course, when Stramit is 
weathered with corrugated asbestos 
its U-value improves still further. 


The essential Class | rating for spread 
of flame is achieved without further 
treatment, thanks to a special asbestos 
facing on the slabs. Stramit Class | 
slabs are strong, rigid and durable, and 
cost only I/3d. per sq. ft. 


STOCK SIZES: 


2 in. thick x 4 ft. wide x 6, 8, 9, 10 
and 12 ft. long. 


Special sizes made to order. 


JE 


eUTTVUUUNUUUUTUUUUUU TIC UTUU UTC UUU CULT LUELLA LULL LLL 
To: STRAMIT BOARDS LTD., cowLey PEACHEY, 
UXBRIDGE, MIDDX :: Telephone: West Drayton 3751 
Please send me full details of Stramit Class | building slabs. 
NAM Bes atta cacrateeactsrn « 

ADDRESS) fieasctaee-setrevcoes 


For the attention of.......... 


ETI VUUULUL LLU LL LLU LL LLL 
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OMNIA Concrete Floors installed in the 
ATV Headquarters building 

at the remarkable rate of 

9,000 square feet every 10 days. 


RLY Grouse ATV House, London, has nearly 100,000 square 
Great Cumberland Place, London, W.1. f fO : 1 5 eae 5 h 

feu.be0 agua tect ob sca S Te eet of Omnia slabs on six Floors with spans up 
Architect: Lewis Solomon, Kaye & Partners. to 26 feet. Large areas of ceiling are completely 


Engineers: John De Bremaeker & Partners. 


free from downstanding beams, giving pleasant 
Contractor: George Wimpey & Co. Ltd. 


big or small rooms and ease of partitioning. 

The Omnia Floor copes equally well with large 
projects like this and with the very smallest 
building. It consists of factory-made reinforced 
planks, and hollow concrete blocks, together with 
on-site concrete, and is unique in combining the 
advantages of pre-cast and in-situ techniques. 


Light in weight, yet monolithic 
Uninterrupted floors and soffits 

Needs no shuttering 

Easy to transport and handle 

Quick and simple to erect 

Spans up to 40ft. Adaptable in design 
Economical in manufacture and installation 


OMNIA CONSTRUCTIONS LIMITED, 121 London Wall, London E.C.2. Monarch 2272/6 
The OMNIA Concrete Floor is available in all parts of COWLEY CONCRETE CO. LTD., ABINGDON 


the country from fifteen Omnia Licensees : DERWENT CAST STONE CO. LTD., MALTON 
DUNBRIK (YORKS.) LTD., LEEDS 

THE ATLAS STONE CO. LTD., LONDON EDENHALL CONCRETE PRODUCTS LTD., PENRITH 

THE BLOKCRETE CO. LTD., SOUTHAMPTON EX DRAULICP RES) 2ueiaey mC 


JAMES K. MILLAR LTD., FALKIRK 


F. BRADFORD & CO. LTD., EDMONTON 
BRADLEYS (CONCRETE) LTD., DARLASTON ONS sot gees ONE Sh Cmetananete 


G. W. BRUCE LTD., ABERDEEN ST. IVES SAND & GRAVEL CO. LTD., HUNTS 
T. C. CAMPBELL LTD., NOTTINGHAM SAMUEL TYZACK & CO. LTD., SUNDERLAND 
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PERFECT—From Hooks to Angles L \e 5 
IT 
P) 


— 


without re-setting control pins, by ee ee 
means of selector lever. 
Double Bends performed in 
one operation by use of 
bending arm. Attachment for 
bending batches of stirrups. 
Attachments to meet special 


requirements can be supplied 


for each model in Perfect range. 


SIMPLEX—High speed return of cropping 


head facilitates accurate dimensions 
of bars whilst maintaining high output. 
Selection of intermittent or continuous 


cutting by hand lever. 


Various sizes in both Perfect and Simplex ranges 
to cater for maximum bar dimensions. 


WITH PLEASURE ORIGINAL 


WOOD, PRITCHETT & PARTNERS LIMITED 


30/38, Hammersmith Broadway, London, W.6, Cables: Mechquip, London. Telegrams: Mechquip, London, W.6, Telephone: Riverside 2224/5/6 
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Let 


SIMPLEX 


JACKS 
take the weight 


SIMPLEX offers the largest range in the World. — Standard 

production models up to 300 tons of the remote control 

type many having CENTRE HOLE construction for lifting 

or pulling with pull rods through the centre of the 
ram without torque. 


Single and double Pump Hydraulic 
Jacks up to 100 tons 


ALSO LARGE RANGE OF MECHANICAL JACKS 
INCLUDING 
JOURNAL AND BRIDGING JACKS 
SPECIAL MODELS FOR 
CABLE REELS 
POLE PULLING 
MOVING PLANT AND MACHINERY 


ETC: 
MULTIPLE OPERATION 
Shut-off valves to control the lift of each ram : : : 
FOR LIFTING BRIDGES AND OTHER The Equipment & Engineering Co. Ltd. 
LARGE STRUCTURES 2 & 3 Norfolk Street, London, W.C.2 Tel Temple Bar 1088 


STRUCTURES in STEEL 
CRANE 
GIRDERS 


Specialists in heavy 
steel structures for 
nearly sixty years 
places us in a unique 
position to assist those 
who design and plan in 
steel. Steelwork for 
cranes of all types and 
capacities, crane gantries, 
plate girder work, etc., are 
only a few of our many pro- 
ductions. The illustration 
shows: 16-ton E.O.T. crane 
120’-0” span 4-girder lattice 
type under construction. 


%, 


Our technical engineers are at your 
service for consultation at all times and 
we look forward to hearing from you. 


SKIPWITH, JONES & LOMAX LTD. 


WEST GORTON MANCHESTER 12 Tel : East 2771 
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Lorry Garage in Buckinghamshire 


Consulting Engineers for Shell Roof: Ove Arup & Partners 


TILEMAN 


& COMPANY GIMI TED 


Specialists in the design and construction of reinforced concrete for power and industry 


ROMNEY HOUSE, TUFTON STREBTAEON DON, S.W.1. Tel: ABBey 1551 


TIL 439 
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A highly efficient machine designed for a safe 
working load of 10 cwts. for man-riding with safety 
factor of I2 to I. 


The rope system uses two, triple grooved drums which 
ensure that the rope cannot become tangled, causing 
sudden drops. 


The unit is totally encased in a strong pressed steel body: 
Will stand rough usage without damage. 


Reduction is by straight gears, giving a mechanical 
efficiency of 80%. The gears are independent of the coiling 
drums which reduces the effort on the operating handle. 


Tens of thousands of these machines have been in 
use for a considerable time without any accidents. 


ABSOLUTE SAFETY. An automatic braking mechanism, 
similar to a ‘‘dead man’s handle’’ locks the unit when the 
operating controls are released. 

This, together with other safety factors, ensures that the 
operator is placed in no danger whatsoever. 


eS SR AIEEE IE RESET IED ERTL OEN 


sd  TIRFOR LIMITED” 


illustrated leaflet res : vs 


27 BROOMGROVE ROAD, SHEFFIELD 10. Telephone: 64436 


~- 
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CONSETT 


_SUPERGRIP 


THE 
SAFETY STEEL 
FLOORPLATE 


Safe and positive grip in all 
directions. 


Free drainage and easy 
cleaning. 


e Fabrication to your 
requirements. 


CONSETT IRON COMPANY LIMITED. 


Telephone: Consett 


341 (12 lines) co NSETT, County Durham. Mati eae Con:ett. 
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wel 


does the same 


job better and costs less 7 


Better build 
with 
Steelwork 
new provisions of BS-449 (1959), and cut the 
worthwhile economies can be effected. cost of your 


as by taking advantage of the 


structure. 


JOHN BOOTH & SONS (BOLTON) LTD. HULTON STEELWORKS, BOLTON, Telephone BOLTON 1195. 


London: 96 VICTORIA STREET, WESTMINSTER, S.W.1. Telephone ABBey 7162. 
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*A problem 


above your head? 


PATENT GLAZING 


We have a fully qualified staff of technical experts ready 
to help you solve any roofing problems, either for new 
or existing buildings. 


Why not let us make a survey and submit detailed draw- 
ings, entirely without obligation. 


Further information forwarded on request for any of the 
following :— 


Patent Glazing, Lantern Lights, Metal Casements, Light 
Constructional Steel Work, Stripping and Recovering 
Old Roofs, Canopies, Asbestos Sheeting, Insulation. 


*FURNISS PATENT GLAZING WILL MAKE 
LIGHT OF YOUR ROOFING PROBLEMS 


FURNISS & COQ. 


Queens Mill Road, Folly Hall, Huddersfield, Yorks. 
Tel: Huddersfield 4567. 
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“ORE, 


George Cooper & Sons 
PROPRIETORS THOS. W. WARD LTD. 
EPFINGHAM NUT & BOLT WORKS 


SHEFFIELD 


Phone: 41026 Grams: COOPER 


C7 
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Immense savings can be made 
by placing the entire respons- 
ibility of an installation project 
in the expert hands of 
TARSLAG 
Mobile Lifting Services 


who can supply specialists 
in every engineering field. 


Stockton 65101 
Newcastle-on-Tyne 21377 
London ViCtoria 0407 


Wolverhampton 23881 
Chesterfield 4908 


May, 1960 49 


Seaboard Fir Plywood 


aes (lolios/ 


To build many of the bridges and a large 
number of culverts on the southern section of 
the London-Yorkshire Motorway, more than 
400,000 square yards of concrete formwork 
were required. 


The job called for a material that was strong, 
tough and flexible—yet light and easily 
handled. Seaboard Canadian Fir Plywood met 
all these requirements — and more! 


Used in flat or slightly curved forms (as in 
the concrete slab decking of bridges), 3/4’’- 


’ 


N. R. M. MORISON, ESQ., 
1 - 3 Regent Street, 
London S.W. 1 


Please send me free copy of Seaboard 


Contractors: John Laing and Son Limited Consultant Engineers: Sir Owen Williams and Partners 


thick fir plywood met all strength require- 
ments with a minimum of framing. Thinner 
plywood was used as face lining on curves 
of smaller radius. Moreover, the plywood was 
re-used from six to eight times, and the con- 
tractors report that had longer time been 
allowed for the project, the plywood would 
have stood up under many more uses. 


The verdict: “Canadian Douglas fir plywood 
has proved eminently suitable for re-usable 
formwork and sound economies have been 
achieved.” 


SEABOARD 


PHENOLIC BOND 
Plywood Handbook (I-11) describing your, — WATERPROOF CANADIAN DOUGLAS FIR — 


full selection of Douglas fir Plywood. 


i: 
| 
| 

" ~ (Please print plainly) U.K.-59-32-28 | 


“. BOIL TESTED ..” 


. ° 
of oe 
v 
Seecwewne son en® 


PLYWOOD 


SEABOARD LUMBER SALES CO. LIMITED 
Seaboard House, Vancouver 1, Canada 
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“Melloclad’” Curtain Walling and Metal Windows in Stages One 
Two of the Sheffield College of Technology and Commerce. 


Architects: Messrs, Gollins, Melvin, Ward & Partners. 
In association with: J. L. Womersley Esq., F.R.I.B.A., M.T.P.I. (Sheffield City Architect) 


MELLOWES & CO. LTD. 


SHEFFIELD LONDON OLDHAM 
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OFFICIAL APPOINTMENTS 


BURSARIES IN STRUCTURAL STEELWORK 


Bursaries provided by the British Steel Producers Conference and 
The British Constructional Steelwork Association are available 
for the Postgraduate Course in Structural Steelwork dealing with 
the Application of Modern Analytical and Design Methods to 
practical design problems. 


Students will take appropriate parts of the postgraduate course 
in engineering structures which will include: analytical tech- 
niques for highly indeterminate systems; theory of elasticity 
and its application to stress distribution problems, bending and 
‘torsion of beams, bending of plates; buckling of columns, 
beams, plates and plate stiffener combinations, basic principles 
of design ; plasticity including limit analysis theorems, collapse 
load calculations, displacement calculations, effects of shear and 
axial loads, plastic stability of struts and frames, shakedown 
analysis, minimum weight design; photo-elastic and other 
laboratory techniques; laboratory experiments to illustrate 
the above topics. 


The design side of the course will include design of connections 
(riveted, welded, bolted), components (struts, ties, rolled beams, 
light gauge components, plate girders, vierendeel girders, castella 
beams), ultimate strength, fatigue behaviour, load factors, 
safety concepts; elastic simple semi-rigid, rigid, composite 
and plastic design of single and multi-storey frames; design 
of bridges, towers, gantries, bins and tank structures. The 
course will deal with the administration of steelwork design, 
economics, contract documents, relation between client, 
designer and contractor, organisation of work, responsibilities 
and liabilities. Drawing office work will include design projects 
and reports. In addition to laboratory work, opportunities 
exist for observing the actual behaviour of building structures 
under construction at the College. 


The value of the Bursaries is from £475 to £775 from which 
fees (£64) will be payable, for the period from October, 1960 to 
July, 1961. Applications must have a good first degree in Civil C ON G RE TE 
Engineering or equivalent qualifaction and preferably some 
practical experience in structural steelwork design. Applications 


including the names of two referees should be made to the 
Registrar, Imperial College, London, $.W.7, by June Ist, 1960. EN Gl N EERS 


LEADING DRAUGHTSMEN 


required in the Civil and Structural Engineering Branch 
in the WAR DEPARTMENT Directorate of Works at 
Chessington. Must be British of British Parentage and 


have the O.N.C. or equivalent and at least four years The BELCON service is designed to meet the dual 
practical and drawing office experience in two or more 4 , é 
of the following subjects in any section; a knowledge of requirements of the industrial developer and the 


surveying and levelling is desirable in all sections. 


(a) Structural Section.—Reinforced concrete and/or Struc- Architect or Consulting Engineer. 


tural Steelwork design and general building construction- : . re oncrete frames is 
relevant Codes of Practice and British Standards. Design A basic range of single storeyn.¢ 
in reinforced concrete includes simply supported and available up to 50 feet span. Other requirements 


continuous slabs and beams including shear and com- 
pression reinforcement, columns, simple frames, founda- 
tions retaining walls and load bearing walls. Design in 
structural steelwork includes bolted, riveted and welded 
beams, stanchions, frames, trusses, etc., in hot-rolled and ¢ P : 
tubular steel; foundations and load bearing walls. Design P Construction %, Site Preparation 
(b) Civil Engineering Section.—Building and Civil Engi- 
neering construction and design layout and calculation 
of external services for Housing Estates, Barracks and 


Industrial Areas, Relevant British Standards and Codes 21S OE Ri 4, 
of Practice. Design includes water supply, sewerage, 
roads, sports grounds, simple reinforced concrete and BE LCON 
steel structures, pumping stations, soil mechanics and 


concrete technology. Tae a es ee 


(c) Defence Section.—Internal structural _ specialised 
details within Marston and other standard forms of 


adi gees cid concrete bulldinen exiarnalkror ds BELL & WEBSTER LTD 


and excavations. 
z . ORDSHIRE 
Starting pay in accordance with age, qualifications and Beers ROAD AA HOUPESDON HERTS 


can be met by special design. 


experience. Prospects of establishment and promotion. TELEPHONE HODDESDON 4421 

Five day week of 42 hours including meal intervals ; 

canteen facilities. Salary: Leading ene eae £895 CONCRETE FRAMES » MULTIPLE GARAGES . SHEDS AND SHELTERS 
to £1,055. State age, full details of training and experience 

saa which Boon applied for to W.D.A.2(c) Directorate BENCING Meee LUND ae Vane ant) yer DOW. ERAMES. 


of Works, Chessington, Surrey, or any Employment 


Exchange, quoting Westminster 1064. 
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OFFICIAL APPOINTMENTS—continued 


BRADFORD INSTITUTE OF 
TECHNOLOGY 


Principal : E. G. Edwards, Ph.D., EUS iow, REI G, 
Applications are invited for the post of :— 
Principal Lecturer in Civil Engineering 


Candidates should possess the qualifications and 
experience to direct research and post graduate work and 
to take a leading part in advanced teaching. Corporate 
membership of at least one of the professional Institutions 
associated with Civil Engineering and extensive pro- 
fessional experience are essential. The successful candidate 
will be expected to assist the Head of Department with 
the administrative work of the Department. 


Salary Scale, £1,750 to £1,900 per annum. 


Previous industrial and research experience at a 
suitable level will be taken into account in fixing the 
commencing salary. 


Further particulars and forms of application may be 
obtained from the Registrar, Bradford Institute of 
Technology, Bradford, 7. 


SUNDERLAND EDUCATION 
AUTHORITY 


The Technical College 
DIPLOMA IN TECHNOLOGY SANDWICH COURSE 
IN CIVIL ENGINEERING 


Applications are invited from prospective students for 
the 1960-61 Session. The course is of Honours Degree 
Standard, carries the full recognition for the Institution 
of Civil Engineers, and involves attendance at the College 
for six months in each of four years. Intervening periods 
are spent in Industry, many firms having agreed to co- 
operate in the provision of practical training. Most local 
Authorities will award grants on the scale used for under- 
graduates. 


Further particulars may be obtained from the Registrar, 
The Technical College, Sunderland, Co. Durham. 


SURREY COUNTY COUNCIL 


Applications are invited for the following appoint- 
ments :—STRUCTURAL ENGINEER, GRADE IV (£1,065 to 
£1,220 p.a. plus £30 p.a. London Allowance). Must be 
qualified Structural or Civil Engineer and have had experi- 
ence in design and detailing of steelwork and/or reinforced 
concrete for medium to large scale contracts. 


STRUCTURAL ENGINEERING ASSISTANT, GRADE II (£765 
to £880 p.a. plus up to £30 p.a. London Allowance 
according to age). Must have knowledge of detail and 
some design in steel or concrete. 


Candidates will be appointed at the appropriate point 
within the scale according to age and ability. 


Full details, present salary and three copy testimonials to 
County Architect, County Hall, Kingston, as soon as 
possible. 


ENGINEERS 


required in Architect’s Department, L.C.C., up to £1,135 
(under Review). 


(a) Structural Engineering Division—Extensive pro- 
gramme includes multi-storey flats, schools, offices, 
warehouses and other buildings. 


(b) Structural Engineering Division—To deal with 
applications in respect of special structures under Part IV 
of London Building Act (A) Act, 1939, and constructional 
by-laws. Interesting work in involving consideration 
of unconventional forms of construction. 


(c) District Surveyor’s Service—Work mainly outside 
involving negotiations with Architects, engineers and 
Surveyors and supervision of works in progress. 


Good prospects in all three aspects of the Council’s work. 


Application form and particulars from Hubert Bennett, 
F.R.I.B.A., Architect to Council (EK/SE/495/5), County 
dial orale 


The Structural Engineer 


NUCLEAR 


CIVIL required at the Nuclear Power Station 


co N ST R U CTO RS Contract, Trawsfynydd, North Wales and 


Services of the following staff are 


(Trollope & Colls Ltd. — in the London Head Office :- 
Holland & Hannen and 
Cubitts Ltd.) 


SENIOR ENGINEER/AGENT 
SENIOR QUANTITY SURVEYOR 
WORK STUDY OFFICER 


INCENTIVE SCHEME TARGET 
SETTER 


CIVIL ENGINEERING ESTIMATOR 
GENERAL FOREMEN 


INSPECTOR CRANE & LIFTING 
APPLIANCES 


ASSISTANT ENGINEER (Fieta) 
ASSISTANT ENGINEER (Design office) 

BONUS CLERKS 
DAYWORK CLERKS 

ASSISTANT SURVEYORS 
SECTION FOREMEN 


The above positions offer good opportunities for promotion to men 


with initiative and capable of accepting responsibility. 
QOUVUNOQVONNCUVOOVVOUEVOUUCTOOUDTUOEETTCTTOOCTTO OTTO TTT TTT 


Mr. T. J. Winter, 


Applications, stating previous Business Manager, 
experience and qualifications Nuclear Civil Constructors, 
should be addressed to; Nuclear Power Station, 


Trawsfynydd, North Wales. 
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May, 1960 


SITUATIONS VACANT 


Assistant Design Engineers and Draughtsmen required 
for design and detailing of reinforced concrete structures. 
A range of appointments offer excellent prospects to 
both qualified men and those who are studying for 
qualifications. 


Five day week. Superannuation Scheme. Apply stating 
age, qualifications and experience to : 


Personnel Manager (A.D.E.3), 
John Laing & Son Litd., 
London, N.W.7. 


ASSISTANT Designer/Detailers, Detailer/Draughtsmen and 
Trainee/Draughtsmen required for interesting work on varied 
types of reinforced concrete structures. Five day week. 
Luncheon Vouchers. Apply with usual details to John F. 
Farquharson & Partners, Chartered Structural Engineers, 
34, Queen Anne Street, London, W.1. LANgham 6081. 


CIVIL Engineering Designer required for Contractor’s office in 
Westminster. Applicants age 26-32 must be graduates with 
mathematical ability and at least three years experience in 
design of Reinforced and Prestressed Concrete Structures, 
preferably also with some site experience. Written applications 
only, giving details of experience and qualifications to : Tileman 
& Co. Ltd., Romney House, Tufton Street, London, S.W.1. 


CIVIL ENGINEERING DRAUGHTSMEN 


required for design of reinforced concrete structures and 
foundations, steel structures and brick buildings in 
connection with heavy Engineering and Chemical Industry. 
Applicants should have relevant academic qualifications 
up to at least N.C. Standard and sufficient experience 
to enable them to prepare drawings from verbal and 
briefly sketched instructions. A knowledge of site 
surveying and levelling is also necessary. 


Write for application form to Personnel Manager, 
IMPERIAL SMELTING CORPORATION LTD., 
Avonmouth, Bristol. 

Quoting Reference CD/SE. 


CIVIL ENGINEERING 
and 
STRUCTURAL ASSISTANTS 
: (Intermediate and Junior) 
required with design or detailing experience in any of the 
following :— 
(a) Drainage and Sewage Purification Schemes. 
(b) General Civil and Structural Work, including steel 
work or reinforced concrete. 
(c) Hydro-Electric Works. 
(d) Water Supply. 
(e) Roads and Bridges. 


Superannuation Scheme. Apply by letter stating age, 
qualifications and experience to Babtie, Shaw & Morton, 
Chartered Civil Engineers, 17, Blythswood Square, 
Glasgow, C.2. 


CONSULTING Engineers have vacancy for Resident Engineer 
on interesting city development. Applicants should be qualified 
as position is one of responsibility. Bylander, Waddell & 
Partners, 169, Wembley Park Drive, Wembley. 


CONSULTING Engineers have vacancies for Reinforced concrete 
detailers and designer/detailers in newly opened offices at 
Wembley Park. Salaries according to experience. Apply to 
Bylander Waddell & Partners, 169, Wembley Park Drive, 
Wembley, Middlesex. 
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CONSULTING ENGINEERS 


have permanent pensionable (if desired) vacancies for 
experienced draughtsmen who are interested in advanced 
structural design, draughtsmanship and _ building 
techniques. The structures, large and small, in most 
cases have strong architectural interest as well and the 
materials used are as varied as the structures; concrete, 
brick, steel and timber with strong emphasis on concrete, 
reinforced or stressed. 


Applicants should have five to ten years drawing office 
experience and preferably some knowledge in and aptitude 
for design. Help will be given to those studying for 
professional examinations with opportunities (as they 
occur) to gain necessary site experience. Age between 
- ke 35 with approximate basic salary range of £750 to 


Pleasant working conditions in friendly atmosphere in 
new modern offices. Five day week with good holidays 
(current as well). In addition to the basic salary, 
generous annual bonuses are paid rewarding efficiency 
and hard work directly related to individual effort. 
Luncheon vouchers, car allowance and travelling expenses 
between home and office are paid in addition to basic 
salary. 


Please write or telephone for interview to :— 
CHARLES WEISS & PARTNERS 
123, King Street, Hammersmith 
London, W.6. 
Phone: Riverside 7843 


Travelling (and hotel if necessary) expenses incurred for 
attending interview will be refunded. 
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CONSULTING Structural Engineers practice available to 
qualified man. Work to capacity in hand, useful conscientious 
staff, and compact site in Westminster area. Owner retiring. 
Scope for expansion, or would be useful take-over for over- 
worked practice. Write to Box 9086, STRUCTURAL ENGINEER, 
A3a, Streatham Hill, S.W.2. 


D. W. COOPER requires designer/draughtsmen experienced in 
reinforced concrete and/or steelwork and/or timber engineering. 
Apply in writing to 165, Westmorland Road, Newcastle-upon- 
Tyne, 4. Stating age, qualifications and marital status. 


DESIGNER/detailers and draughtsmen experienced in reinforced 
concrete required for interesting work on Nuclear Power Stations. 
Apply in writing to the Chief Engineer, Nuclear Civil Con- 
structors, 52, Carnaby Street, London, W.1. 


DESIGNER/detailers required with experience of reinforced 
concrete or structural steelwork. Work may range from 
structural frames to prestressed concrete bridges with scope 
for advancement but does not involve working outside London 
except for site visits. Assistance can be given towards A.M.I.C.E. 
or A.M.I.Struct.E. Write for appointments giving previous 
experience, Donovan H. Lee, Consulting Engineer, 66, Victoria 
Streets oes 


W. & C. FRENCH LTD. urgently require Designer/Detailer, 
mainly for‘reinforced concrete design and detailing. Applicants 
must be keen to learn about new methods and types of 
construction. Apply in writing, stating age, salary required 
and full details of experience, to Personnel Manager, 50, 
Epping New Road, Buckhurst Hill, Essex. 


FOUNDATIONS, Underpinning, Jacking. Structural engineers 
interested in this field who have a degree or the equivalent and 
two or three years post-graduate experience are invited to 
apply to Pynford Ltd., 74, Lancaster Road, London, N.4, who 
have vacancies in their steadily expanding design and super- 
vision department. 
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SITUATIONS VACANT—continued 


FULLY qualified Engineer to be directly responsible to the 
Partners required by medium sized firm of Consulting Engineers 
in Westminster. Should have had varied civil and structural 
engineering experience including road, bridge and railway works. 
Age 35 to 45. Write to Box 9088, STRUCTURAL ENGINEER, 
43a, Streatham Hill, S.W.2. 


FLEMING BROS. 
(Structural Engineers) Ltd., 


invite applications forjthe position of 
TECHNICAL DIRECTOR 


Applications are invited for this important appointment 
which calls for a man of proven ability in the Structural 
Engineering field, who is fully conversant with modern 
developments in the design of Steel Structures. 
Preferably, he should be qualified to A.M.I.Struct.E. level 
or a University Graduate and be confident about leading 
a team of first class Technicians in an expanding group of 
Companies. A generous salary and entry into a Top Hat 
Pension Scheme is offered. 


Applications will be treated in the strictest confidence. 
These should be marked “‘ Strictly Private,’’ and addressed 
to :-— 


The Managing Director, 
Messrs. Fleming Brothers, 
(Structural Engineers) Ltd., 
Stanchion House, 
1, Park Gardens, 
GLASGOW, C.3. 


SURO Ue NM EM USSD 
G.K.N. REINFORCEMENTS LIMITED 


have vacancies in their Birmingham Drawing Office 
for Reinforced Concrete Designers and detailers, also 
Draughtsmen and Draughtswomen who would have 
opportunities for training as detailers. Five day week, 
Pension Scheme, Staff Canteen. Write to: 

Chief Engineer, 


G. K. N. Reinforcements Ltd., 
Alma Street, Smethwick 40, Staffs. 
Or 

Phone Smethwick 1991. 
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JUNIOR Assistants wanted for consulting engineer’s office. 
Apply in writing to W. E. J. Budgen & Partners, 54, Queen 
Anne Street, W.1.  ° 


LONDON W.1 and Cardiff Offices of Consulting and Civil 
Engineers require qualified senior designers and designer/ 
detailers with reinforced concrete, precast, prestressed and steel 
experience. Five day week, superannuation scheme. Full 
details to Ecrofnier & Partners Ltd., 20, Harcourt House, 
19, Cavendish Square, W.1 or telephone Langham 1493. 


REINFORCED Concrete Designers and Detailers required in 
Berkhampsted office of Consulting Engineers. Apply, stating 
age, qualifications, experience and salary required, to Ritchie & 
Partners, Kitsbury Road, Berkhampsted, Herts. 


REINFORCED Concrete Engineers and Contractors, Victoria, 
require a Chief Engineer to interview Architects and Engineers, 
and to control the drawing office in preparation of schemes 
and working drawings, etc. for various types of R.C. buildings, 
including multi-storey blocks of flats. Preference given to a 
qualified man and those earning less than £1,750 p.a. at present, 
need not apply, also Chief Estimator, those earning less than 
£1,500 need not apply. Subject to satisfactory service the posts 
are pensionable. Five day week. L.Vs. Holiday arrangements 
will be honoured. Apply giving full particulars, experience, 
qualifications and salary expected to Box No. DA.410, c/o 
Whites Ltd., 72, Fleet Street, E.C.4. All replies treated in the 
strictest confidence. 
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OVE ARUP & PARTNERS 


Will shortly be opening design offices in the Croydon 
and Watford areas with vacancies for Engineers and 
Detailers experienced in Structural Work. 


Salaries in accordance with experience up to £1,300 
a year, luncheon vouchers, staff pension scheme. 


Please write to :— 


OVE ARUP & PARTNERS, 
13, Fitzroy Street, W.1. 


R.C. DESIGNER/detailers and detailers required in Hammersmith 
office of Consulting Engineers. High salaries and good prospects 
with interesting work. Five day week; Pension Scheme ; 
Holiday arrangements honoured. Apply in confidence with full 
details of experience and salary required to Alan Marshall & 
Partners, Federal House, 2, Down Place, W.6. Tel. RIVerside 
8771. 


REINFORCED Concrete Specialist Firm requires Designer/ 
Detailers. Interesting and varied work, luncheon vouchers, 
etc. Only experienced men need apply.—Write The Reinforced 
Concrete Steel Co., Ltd., 54, Victoria Street, S.W.1. 


SENIOR qualified Design Engineer for Consulting Engineers, 
London Office, to take charge of R.C. section for blocks of 
offices, hospitals, etc. Write stating experience and salary 
required to Box 9087, STRUCTURAL ENGINEER, 43a, Streatham 
Hill, S.W.2. 


STRUCTURAL and Civil Engineers require senior and inter- 
mediate designer-detailers experienced in either: 

1. Reinforced Concrete or 

2. Structural Steelwork. 
Excellent opportunities in an expanding organization for the 
right men. Positions are pensionable and offer first class 
experience. Box No. 9075, sTRUCTURAL ENGINEER, 43a, 
Streatham Hill, S.W.2. 


SOUTH London Consulting Engineers require experienced 
reinforced concrete engineers, designer/draughtsmen and de- 
tailers. Applicants should have a minimum experience of 
three years in position applied for. Salary commensurate with 
experience and ability. Luncheon vouchers and Five day week. 
Please write giving details of age, qualifications and experience 
to Messrs. Leonard & Grant, 344, South Lambeth Road, S.W.8. 


STAFF required for Consulting Structural Engineer’s office. 
Senior and Junior Engineers and Detailers, experienced in 
R.C. framed structures. Five day week. L.V. Apply in 
writing to Felix J. Samuely and Partners, 231-233, Gower 
Street, London, N.W.1., stating age, experience and salary 
required. 


FOR HIRE 


LATTICE Steel erection masts (light and heavy), 30 ft. to 150 ft. 
high, for immediate hire. Bellman’s, 21, Hobart House, Gros- 
venor Place, S.W.1. 


TUITION 


GUARANTEED Coaching for Inst. Struct. Engrs., Inst. Civ. 
Engrs., Inst. Mun. Engrs., etc. Study at home under highly 
qualified tutors with most successful school. Also courses in 
all aspects of Building, Engineering, Draughtsmanship, etc.— 
Write for Free book—International Correspondence Schools, 
Intertext House (Dept. 423), Parkgate Road, S.W.11. 


SHOTBLASTING 


SHOTBLASTING, Metal Spraying, Coating. Epikote, Araldite, 
P.T.F.E., P.T.F.C.E., Polythene, P.V.C., Neoprene and Hypalon 
coatings applied on site or at works. Loyne Ltd., Margaret 
Street, Ashton-under-Lyne, Lancs. Tel. ASH 4551/2/3. 


FOR SALE 


PELS Punching and Bar Cropping Machine for sale. Steel plate 
frame. Punches 1” diameter through 3” plate. Depth of punch 
gap 20”. Crops round bars up to 1}” diameter; flat bars up to 
5”x 1”. Hand or treadle stop motion. Arranged motor drive 
400/440/3/50. Weight about 5tons. F. J. Edwards Ltd., 359, 
Euston Road, London, N.W.1 or 41, Water Street, Birmingham,3. 
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WELDED STEEL FLOORING 


Engineers everywhere are aware of the unique design and construction of ‘Safetread’ 
flooring—its construction has gained universal appeal as it provides the greatest 
possible strength and rigidity with a minimum use of steel, thus enabling valuable 
economies to be effected in supporting members. 

With Safetread’s welded construction, nothing can work loose or cause chattering 
through vibration—its design enables maximum light and air penetration and yet 
the danger of tools or other similar objects falling through is reduced to an 
absolute minimum. 

Write today for a catalogue of Safetread “tailor-made” flooring—amply illustrated, 
it contains deflection tables, safe-load tables, and a wealth of useful information 
for the man with a flooring problem, 


ALLAN KENNEDY & CO-LTD 


MARITIME STREET - STOCKTON-ON-TEES 


Telephones: STOCKTON 65464 (4 lines) + Grams: ‘GRATING’ STOCKTON-ON-TEES. 
London Office: ABFORD HOUSE WILTON ROAD LONDON S.W.| «+ Tel: VICtoria 2539 


Never 
LOA NS : ) miss 
a chance 
to save 
time 

and labour 
with 


—BRICKFORC 


When greater strength is required in a brick wall, 
reinforcing with BRC Brickforce will often save the 
time, labour and materials which would be required to 
increase its thickness. A folder giving full details of 
Brickforce is available on request. 


BRC BRICKFORCE wall reinforcement consists of high tensile steel wire 
mesh. The reinforcement lies readily in the joints and is laid from easily 
handled rolls each 75’ 0” long, the main wires being held in their correct 
position by cross wires welded to them. 


THE BRITISH REINFORCED CONCRETE ENGINEERING CO. LTD., STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London, Ww. 
Le SSS M-W.9 a 


